Google 



This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 

to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 

to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 

are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other maiginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 

publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing tliis resource, we liave taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 
We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain fivm automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attributionTht GoogXt "watermark" you see on each file is essential for in forming people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liabili^ can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 

at |http: //books .google .com/I 



1110" 



f 



i?ioZ 



u 




( 



RATIONAL INVESTIGATION 



OF THE 



PRINCIPLES 



•V 



NATURAL PHILOSOPHY, 



PHYSICAL AND JHORAL, 



By JOHN HOWDON, 

y& Member of the JStmhoMan Agriqiltiinl ittii|||l^f ^' 

* .\ 



"AVake all to reason ; — let her reign alone." — Youirti," 



HADDINGTON: 

PUBLISHED BY GEORGE TAIT; 

AND SOLD BY 

STTLLIES BROTHERS, AND WAl GH & INNES, EDINBURGH; 

AND GRIFFIN & CO., GLASGOW 

1832. 



T^= 



K 
I 



( 



♦ I 4. Mflf 



^ 



CONTENTS 



PART I. 

MECHANICAL PHILOSOPHY. 

Chap. I. The Laws of Motion, .... Page t 

II. The Percassion and Resistanoe of Fluids, - - 17 

III. Rotatory Motion, - - - • , 79 

IV. The Origmofthe Planetary System, - • 89 
V. The Theory of the Earth, . • « « M^ 



PART II. 

MORAL PHILOSOPHY. 



Chap. I. The Analogical Application of the Mechabical Theory 

to the Science of Mind, ... - 183 

II. The Application of the Theory to the Question of the « 

Free- Agency of Man, .... 203 



■''*.*■ 



^■.-'-•' 



/ ■- 




?.^- 



PREFACE. 



By Philosophy, in the following Investigation, we are 



to nnderstand the Knowledge of Causation, or the Re- 
lation of Cause and Effect;— not merely the knowledge 
of things and events, but the way in which things are 
formed, and events brought about. With regard to the 
nature of this knowledge, and the way of attaining to 
it, much difference of opinion has been entertained by 
different men, and at different periods of the world. 
We may observe in general, however, upon the course 
that has hitherto been pursued, that there has always 
been amongst philosophers, as amongst other classes of 
mankind, much vanity : They have shown a stronger 
disposition to assume an intellectual superiority over 
others, than to benefit them by their labours. 

Previous to the timesof Lord Bacon, science consisted 
of little else than mere hypotheses. Each philosopher, 
in his turn, contrived some new hypothesis, upon which, 
as a foundation, he employed all the powers of sophistry 
to raise some plausible theory, wherewith he amused 
himself and his followers, and acquired a certain kind 
of fame, but afforded little, if any, benefit to mankind. 
Upon the discovery of the art of printing, and the con- 
^Mqaent general dissemination of knowledge amongst 
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all classes, scientific men found that they could no longer 
irapport their credit in the world by these fanciful and 
delusive theories, and that some other means must be 
resorted to. Lord Bacon then ventured to introduce a 
mode of philosophizing very diflferent from any that 
had till then been thought of, founded upon experiment 
and actual observation. Since the introduction of this 
new era, scientific men have been busily employed in 
collecting and arranging facts, and propagating the 
knowledge of these facts ; but they have almost alto* 
gether laid aside theory. They have thus collected, and 
disseminated amongst all classes of men, much valuable 
knowledge, certainly ; but they have not equally pro- 
moted true philosophy. They give us a knowledge of 
the existence, hut not of the nature of things. They 
give us a knowledge of events, but they do not tell us 
how these events are brought about. In short, they do 
not afford us a knowledge of the system of nature. 
The knowledge of these philosophers differs from that 
of the mere practical man only in being more exten- 
sive and general — extensive in breadth, but not in 
depth. 

The imperfections of such a system, if a system it 
may be called, are many and great. When we attempt 
to apply, in practice, the information thus afforded us, 
but under some variation of circumstances, (as must 
almost always be the case more or less,) we are left 
quite at a loss how to vary the means to bring about 
any required result^ having no certain rules to direct 
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BH. If experiments are to be nsed without theory, an 
experiment must be made for every possible case that 
may occur in practice. Bat this would evidently be 
superseding philosophy altogether. If experiment be 
all that the practical man is to receive from the learn- 
ed, every man must naturally feel more interested, and 
have more confidence in those experiments which he 
is every day deriving from his own profession, than in 
those of others, which must always be more distant 
from, and less applicable to, his particular pnrpose. 

The proper business of the philosopher is to unravel 
the order of nature, and to discover those latms by 
which all its phenomena are regulated. The experi- 
ments made by him ought always to be with a view 
to the discovery of those lawe. Unless we can trace 
these, the experiments themselves are of comparatively 
very little use. Unless we can discover the laws which 
regulate the phenomena, experiments, when made 
onder a variation of circumatances, frequently afford 
SQch seemingly different results, that they tend rather 
to perplex and confound, than to form a guide for our 
future practice. It is the knowledge of the order, or 
the laws of nature alone, that ia useful in a scientific 
^int of view ; and it is towards the attainment of this 
that all the experiments of the philosopher ought to be 
directed. It is by this that things, seemingly the most 
.intricate and complicated, are rendered plain and sim- 
ple ; and the practical man receives instructfcn how to 
iVary the means according to the object he has in view ; 



or he knows the result he has to expect, from the n 
which he inuat employ. The practical man very wisely 
puts less confidence in any theory, until it is confirmed 
by facts, than in the experience which he has in his 
profession ; but for the philosopher to despise theory, 
is the grossest absurdity ; for in it lie the whole value 
and importance of his profession. Kven hypothesis is not 
by him to be altogether laid aside. In fact, hypothesis , 
forms a necessary step in the acquisition of scientifio 
knowledge, ■ Experiment and observation form the 
foundation of all. From these we form conjectures as 
to the causes of things ; and these conjectures are at 
first neither more nor less than mere hypotheses. It 
may, indeed,, be an evident fact, that a certain body is 
the agent that produces the change upon another hodj 
acted upon ; but the waffia which we suppose the change 
to be effected is at first commonly a mere conjecture, 
or hypothesis. We next proceed to examine more 
minutely the modun operandi; and if we are able to 
trace the course of the operation, and find that our first 
conjecture was right, then, from what was at first only 
an hypothesis, we are enabled to form a demonstrative 
theory. Hence, those philosophers who adhere to mere 
induction, and refuse to proceed to theory, are moKt 
inconsistent in condemning hypothesis; for th«ii" in- 
duction is mere hypothesis. Induction from experi- 
ment and observation is the first step in the acquisition 
of knowledge ; but if we proceed no farther, our know- 
ledge must he very imperfect. By induction we raise. 



Idf^as, and form conjecturea ; but without the test 
of demonstration we never can be sure tliat these con- 
jectures are right. By induction we dig the ground 
and collect materials ; but without demonstration the 
fabric of a system never can be reared. To rest satis- 
fied with mere induction would be to stand forever 
upon the threshold j>f knowledge, and never venture in. 
But although modern philosophers are constaotly 
disclaiming all pretensions to theory, it is evident that 
they are continually aiming at it more or less. They 
would give us theories enough ; but they are unwilling 
to encounter the labour that is necessary to bring them 
to perfection — that labour that is necesaary to bring to 
' perfection every art and every science. As the foun- 
dation of mechanical philosophy, they have given us 
laws of motion, which correspond very well Indeed 
with the phenomena of motion, but not with the effects 
of moving power, as applied to the useful arts ; which 
constitutes byfar the most important part of the science. 
The system of mechanics, founded upon these laws, is 
found to be of little or no use in practice. Although 
it has long been a peculiar object with the learned to 
iostruct and direct the practical mechanic, their specu- 
lations have generally been despised and neglected, as 
of no earthly use to the man of practice ; and fitted only 
for the amusement of the idle aud the curious. Philo- 
sophers have attributed this reception which their la- 
bours have met with from practical men to the ignp- 
rance and obstinrfcy of the latter. But the imputation 
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philosoi)her« who scout thb) liypothesia a^ to the cause of 
gravitatiou, have adopted one exactly similar as to the 
cause of repulsiou, or heat. This is supposed to be pro- 
duced by a matter stti ffeneri/*, termed caloric, vrhich I 
must operate in a way no less mysterious than tha j 
graritatiiig ether. Both hypotheses are alike ; and j 
both deserve the same fate. 

It is not merely with regard to gravitatiou and re* I 
puI»«ion that this Investigation confutes the doctrine of-| 
absolute power : It is one of the principal results of U* J 
that there is no such thing as the exercise of absolute I 
power discoverable in the whole economy of nature^ I 
either in the physical or the moral world. 

The application of these forementioned hypothetical I 
experiments by the author, to the planetary system, -B 
most evidently pointed to the common origin of all its ' 
parts. On comparing the theory thus suggested, both 
with the general phenomena of the planetary system, 
knd the particular constitution of our own Earth, he 
found the agreement so striking and uniform, that ex- 
tension of inquiry and comparison, only tended to con- 
firm it. He was at the same time, certainly, not a little: J 
gratified to find that this theory embraced , and brought I 
together into one system, the leading points of the I 
theories of the most eminent authors who have treated J 
on this subject, viz. Ituffon, Button, De Lnc, and Cn- 
vier ; however these theories may differ, in many re^ I 
spects, from one another. It is hoped that this will ab 
last form a real foundation for a Theory of the Earth f 
and render that a subject fit for scientific inquiry, and I 



l>y no means beyond the reach of the powers of the 
hntnaa mind ; which has hitherto been considered as 
little else than an exercise for the fancy. 

The author could have wished much to have added 
Bomethiug farther on the theory of heat ; bnt this be 
candidly acknowledges he has been unable to effect. 
It is on this account that he has declined touching on 
the steam-engine, certainly the most valuable engine 
ever invented. Without some farther knowledge on 
the nature of heat, any improvement on this engine is 
perhaps rather to be looked for from the civil engineer 
^han the mechanical philosopher. 

The scholastic reader, who has been accustomed to 
«OD8ider Mechanical Philosophy as a mixed mathema- 
tical science, will no doubt look with surprise, or, per- 
haps, with ridicule, upon the attempt to investigate 
the subject with the employment of such a small por- 
tion of mathematical science as that made use of in 
the following work. But however necessary the most 
profound knowledge in that science may be for the 
completion of a aifulem of Mechanical Philosophy, it is 
not so for understanding the principles on which such 
B system is founded ; — although necessary for the par- 
ticular solution of mechanical qaestions, as the result 
of the operation of certain forces acting in given cir- 
cumstances, it is not necessary for understanding the 
way in which the cause is related to the effect ; which 
J8 the object of the following I nvestigation, and which has 
been performed without any knowledge in geometry be- 
yond the -ITth Proposition of Euclid. This has. indeed. 



fppqaently caused the author, in the solving of diffe. 
rentqnesfions that occurred, to have rpcoarse folabourn 
ed approximations. But although this may not b« 
deemed a very scieutific mode of proceeding, it is hoped 
that it has not led to any very important errora — any 
that can at all affect the general reasoning, 

The autlior is quite aware, that, from a certain 
quarter, opposition will be made to that part of the In- 
vestigation which treats of the Origin of the I'lanetaryr 
System, from ita complete disagrci-ment with the aoK 
count given by Moses of the creation of the world . But if 
this objection is to be sustained, vre may, for similar rea- 
Boaii, reject the wliole Copernican system of astronomy. 

Whilst the author was engaged in these physical in- 
quiries, he happened at the same time to be taking & 
particular interest in the study of Moral Philosophy. 
He had not proceeded far in the latter when he found 
the most striking analogy in the laws that regulate the 
two great departments of Nature, Mailer and Mind ; 
and the strictest scrutiny satisfied him that throughout 
their whole extent the analogy is complete ; and that 
even man, who holds the highest rank among created 
1>eings on earth, is directed in all his actions by the 
eame law of relative necessity which regulates the mo- 
tions of the material system. This has generally been 
considered u dangerous doctrine ; and perhaps in the 
way in which it has hitherto been treated, not without 
reason, as leading to materialism, and doing away the 
responsibility of man. But this proceeds entirely from 
(he errQneous manner in which the subject has beeQ - 
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treated. The analogy betwixt the laws that regulate 
matter and mind never can confound the one with the 
other. So far, indeed, is the following Inquiry from 
leading to materialism, that one principal result of it 
is, that all the properties of matter are to be resolved 
into the operation of mind ; aiid that there is no such 
thing in nature as matter absolutely inanimate. The 
moralist has no reason to be afraid of any danger to 
the cause of morolity from the doctrine of necessity, aft 
it shall appear in this Inquiry. On the contrary, it 
points to the only sure and effectual means for impro- 
ving and perfecting the morals of mankind. It shows 
that similar motives, operating upon similar minds, 
will produce similar effects ; but it does not follow that 
the same motive will produce the same effect upon every 
mind ; for the effect depends as much upon the state or 
nature of the mind operated upon as on the motive ap- 
plied to it. Andowingto this very circumstance, the cer- 
tain operation of external influences, the constitution of 
the mind itself is much under the control of those who 
have the charge of the education of youth ; and hence 
the mind can be prepared to resist the force of external 
motives and temptations. Man in not less provided with 
safeguiirds against the dangers which assail the mind 
than those to which the body is exposed. The applica- 
tion of fire will inevitably burn a man, and immersion 
in water will certainly drown him ; but he is gifted 
with eyes that he may see his danger and avoid it. 
To guard him against mental dangers before they 
arrive, as well as for many other important purposes, 
man is endowed with a faculty of the mind exactly 
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corresponding to the bodily eye. Tliis is Reason, 
the Ei/e of the Mind— a. faculty which man, by i. 
despotism of xaperstition, ban hitherto been prevented 
from using, or even from being aware of its true na- 
tnre and use. Hence, with whatever iovariable cer- 
tainty motives, when they come into operation. viiU 
produce their natural and legitimate effects, yet tbs 
man who commits a wrong action can never plead I 
non- responsibility, so long as he is endowed with reasoa j 
to warn him of biti error. He may frequently, indeed-) 
throw back part of the responsibility on those who 1 
have had the charge of his youth, ia so far as hia 
errors may have proceeded from a wrong edncatioa: 
but) however much they may lament his misfortune ia 
this respect, that will never prevent others from con* i 
sidering him, as he really is, a bad man, or a dangerous ' 
member of society, and jastly deserving of punishment. 
It is only when a man's reason fails him, that he is con- 
sidered to be not responsible for his actions. Prudence 
may then require him to be confined ; but whatev» 1 
may have been the nature of his actions, reason do* 
not discern him to be a fit object for i)unLshment, 

The necessary connection betwixt cause and efieei fl 
in morals, never can alter the opiuious of mankind 
with regard to right and wrong ; — never can prevent 
man from pursning what is good, and avoiding what u 
evil ; and so far ia it from discouraging him in usio^ i 
meano for the improvement of the morals of others, ; 
thai it holds out the greatest encouragement for their 
use— the certainty of the effect, when the means are 
properly applied. In short, by making morality rert 
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tipon the necessary influence of external motives, we 
place it upon its only trae and natural foundation — we 
place it upon the principle of moral attraction, exactly 
corresponding to the simple and snblime principle of 
physical attraction, which upholds and regulates all 
the motions of the physical system of the universe. 

The author is certainly justified in saying, that no 
inquiry was ever conducted with less prejudice than 
this. He could have no motive to bias him in bringing 
oat any of the principal results : for he had not these at 
all in view as the objects of inquiry. He was not inqui- 
ring whether Absolute Power was the principle on which 
the Deity conducted the affairs of the world, when he 
foand that all the phenomena of nature were to be 
traced to the principles of action and reaction. He was 
not inquiring into the Cause of Gravitation, nor the 
Origin of the Planetary System, when he was acci- 
dentally led to these from certain hypothetical trials 
on n system of unequal bodies moving in equilibrio 
round their common centre. Neither was he inquiring 
whether man was a Necessary or a Free-Agent, when, 
on examination of his moral constitution, he found him 
in all his actions to be actuated by the same law of re- 
lative necessity as those other parts of the system of 
nature, commonly termed inanimate. In fact, he had 
no determinate object at all in view but to investigate 
the System of Nature, by following the truth whither- 
soever it might lead, under a perfect confidence that 
the truth would ultimately lead to the general good of 
the world. How far he ha.s been successful in the de-. 
relopment of the lawH of nature, he must leave to 
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others to determine; In the mean time, he rests thtf ] 
hopes of his success on the uniformity of the reasoning/ 
and the unbroken thread of argument he has been en- 
abled to Iteep up from beginning to end; and, above 
all, on the agreement of tlie theory with the pheno- 
mena of tlie world. Nothing but the most perfect con- 
fidence iu the truth of tlie results of this Inquiry could 
ever have induced him to lay it before the world : but 
however confident he may be of the rectitude of itrf 
general principles, he has not the most distant expec- 
tation of giving to the world any thii^ like a perfecf I 
work. On the contrary, every time he has revised iC 
he has discovered many errors ; and he has no doubt? 
that it still contains many more. The detection of these^ 
however, will give him no uneasiness : he will rather' I 
Consider himself indebted to those who will detect ond 
correct them. As hia sole object is the discovery of 
truth, he will deem it of very little consequence whethei'' 
he shall effect this by his own direct means, or by sti^' 
mnlating and encouraging the exertions of others. 

He now submits the result of his labours to his conn' 
trymen, in the hopes that it may be rend, as it has beett' I 
written, without prejudice, and with an attention pro^* \ 
portioned to the importance of the subject, rather thaii 
to the manner in which it is here treated. As Natural 
Philosophy comprises the foundation of all useful know- 
ledge—the knowledge of every thing in which man can' I 
hai'e an interest or concern, the subject is certainly the 
most important and interesting that can occupy the' 
attention of the human mind. 



PART I. 

I 

INVESTIGATION OF THE PRINCIPLES OF* 
MECHANICAL PHILOSOPHY. 



^ Hail mutter innate mo^on ? then each atom. 

Asserting its indisputable right 

To dance, would form an universe of dust : 

Has matter none ? then whence these glorious fonoB^ 

And boundless flight from shapeless and reposed V* 

Night Thoughts. 



Chapter i^ 

« 

THE LAWS OF MOTION; 

The laws of motion form the foundation of all mei 
ehanical philosophy ; and we cannot be too strict in thef 
Examination of them if we wish the superstructure tor 
be either useful or durable. It is to be suspected that 
a want of due attention, to this particular has rendered 
these laws^ what they at present ar^, of little or no us^ 
in the purposes of life. 



FIRST LAW OF MOTION. 

The First Law of Motion is thus defined by Sir Isaad 
Newton. 

" Every body perseveres in a state of rest, or of nmf 
form motion in a right line, unless it is compelled tej, 
thange that stat^ by forces impressed thereon/^ 

A 



2 INVESTIGATION OF THB^ PRINCIPLES 

This tendency of matter to persevere in its present 
state constitutes what is called the Inertia of matter. 
It gives to matter stability when at rest, and force when 
in motion. Though this property has not so much ex- 
cited the attention or curiosity of philosophers as gra- 
vity, it is certainly equally mysterious and incompre- 
hensible. That matteir should continue inr its presefnt 
state without alteration, unless acted upon, is what we 
should readily conceive ; but that it should present a 
powerful resistance to change is not less wonderful than 
that it should have a tendency to move. The one is a 
positive, the other a relative activity ; and their causes* 
seem equally beyond the reach of direct investigation. 

We cannot leave this part of the* subject without 
taking notice of a case which Sir Isaac Newton puts, to 
prove that motion may be both lost and gained ; a case 
which, if granted, would entirely overturn this first law 
of motion. " If two equal balls," says he, "joined 
together by a slender wire, revolve with an uniform 
motion about their common centre of gravity, and that 
centre be carried uniformly forward in a right line in 
the plane of their circular motion, the sum of the mo*' 
tions of the two balls, as often as they are in a right 
line drawn from their common centre of gravity, will 
be greater than their motions when in a line perpen^ 
dicular to that other. ' ' Now; this is in direct contradic- 
tion to the first law ; for it supposes a change in the 
motions of the bodies, without any alteration in the 
forces impressed on them. 

But the truth is. Sir Isaac's mistake lies in calculating 
the motions of the ball by the simple instead of the square 
of the velocities, which is their proper measure, as shall 
be shewn when we come to examine the second law. 
When this measure is adopted, it will clearly appear, 
that, in the above case^ there is no motion either lost 
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or gaiaed. Suppose, for instance, the balls each ^1, 
moviug about their cominoa centre with a velocity of 
5, and, at the same time, that common centre moving 
nniformly forward with a velocity of 5. Now, when 
they are in the right line of the motion of their com- 
mon centre, they are each moving with a velocity of 
somewhat more than 7.071 , the square of which, multi- 
plied by 2, the snm of the bulls, gives 100. Again, 
when both the balls are in the line perpendicular to that 
other, the one is at rest and the other is moving with a 
velocity of 10 ; the square of which, by 1, gives likewise 
100. This is one proof, amongst numberless others, 
which we have in confutation of the measure of force 
adopted by Sir Isaac in his definition of the 

SECOND LAW OF MOTION j-vii. 

*' The alteration of motion is ever proportional to 
the motive force impressed ; and is made in the direc- 
tion of the right line in which that force is impressed. 

" If any force generates a motion, a double force 
will generate double the motion, a triple force triple 
the motion," &c. 



To a person of plain common sense, unacquainted 
with philosophical controversy, it must appear truly 
astonishing that men professing themselves philoso- 
phers should be divided in opiiiion about whether the 
simple velocity, or its square, should be adopted as the 
measure of force in a moving body. This is a dispute 
that never could have arisen had not mechanical phi- 
losophy been cultivated more with a view to the amuse- 
ment of the world, and the gratification of vanity, than 
to render essential service to mankind. If ever that 
science is to be cultivated with a view to real utility, or 
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with a view to serve the useful arts, it must be foondj 
ed not upon the visionary basis of the phenomena that 
appear, but upon the more solid foundation of those 
powers of nature that are actually felt, and those ma- 
terial impressions that are actually made. Upon see-: 
ing, we may be induced to believe ; but it is by feehng 
that we ascertain the truth. In all the useful arts, or 
wherever resistance is to be overcome, the effects pro- 
duced by a moving body is uniformly as the square of 
the velocity. A ball with a double velocity will pene- 
trate to four times the depth into a solid body ; or, it 
will rise to four times the height ; or, in short, tp I 
whatever kind of resistance it i^ applied, a body mo- ' 
ving with a double velocity will produce four times the 
effect before its motion is entirely stopped. Even with 
regard to the planetary motions, to which tlie simple 
velocity is supposed to be the measure of force so well 
adapted, it is only by the absurd method of correcting 
one error by means of its opposite, that the reasoning is 
to be reconciled with the phenomena. For no sooner do 
we enter upon the central forces, than we find, that a 
double centrifugal velocity balances a quadruple power 
of gravity; but the power of gravity is a centripetal 
force. A centripetal force is in direct opposition to a 
centrifugal; and powers that balance one another ' 
must be equal : consequently, a double centrifugal ve- 
locity must possess a quadruple centrifugal forco, other- 
wise it could not balance a quadruple power of gravity, 
It will afterwards appear, too, that the square of the j 
velocity is the measure to be used in proving the equili- > 
brium of the planetary system. Those who use the 
simple velocity as the proper measure, complain of the 
others that they do not consider that a double time is 
required with a double velocity to produce a quadruple 
effect ; and a double force, acting a double time, they 
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p«y, shoald produce a quadruple effect. But what 
has time to do with it ? Does time supply it with any 
new addition of force ? Certainly not : It is merely hy 
its owTL inherent power that it continues to act. 

It is this adoption of the elements of pressure and 
time, instead of pressure and epace, that has led mathe- 
maticians to this erroneouM measnre of the force of a 
moving body ; and the superficial yiew they have taken 
of the phenomena attending the collision of nnelastic 
bodies has tended to perpetuate the mistake. A body 
might be exposed for ages to the force nf gravity, or 
sny other pressure, without having any power comma- 
nicated to it if opposed by some suiSciently resisting 
medinm. It is only by the degree in which the body 
yields to this pressure, or the perpendicular space 
through which it is made to move by it, that we can 
estimate the effect produced upon it ; or, it is by the 
perpendicular space through which a body in motion 
is capable of moving, and the resistance in every part 
of that space, that we estimate the power in that body. 
■The practical engineer always employs the elements 
of pressure and space in calculating the power of his 
engines. If he is going to construct an engine for 
raising water, or any other ponderous matter, from 
the bottom of a mine, he estimates the power he must 
give to it, by the weight of matter, and the height to 
which it is to be raised ; or, if he is going to apply a 
waterfall to a wheel for the turning of machinery, he 
reckons the power of his wheel by the quantity of 
water and the perpendicular descent; and, thus far, 
by this simple process, he is never disappointed in his 
loalculations ; whilst the mathematician, by a compli- 
cated circuitous process of reasoning, misleads both 
himself and the practical mechanic whom he means to 
instruct. This simple method of using pressure and 
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space as the ulements of power, affords us the principle 
of Iinpe/uit, Momentum, or I'ofen/iat Felodly ; xignifir- 
Ing the total effect which a body in motion is capable 
of producing before it in completely stopped — an in- 
strument the most Himple, the most powerful, and 
efficient, that has ever been employed in mechanical 
calculations, whether we reason from cause to effect, 
or from effect to cause. Its value will particularly ap- 
pear in the facility with which it enables us to analyze' 
the most complicated rotatory motions. When we come 
to apply this principle of momentum to practical cases 
however, allowances are always to be made for power- 
destroyed by friction, collision, &c. 

In the generation of motion, tlie pressure and space: 
being the same, the effect will be uniform, whatever 
the quantity of matter; but the pressure and timei 
being the same, the effect will depend on the quantity 
of matter moved. 

Suppose a body to be allowed to descend freely by 
the power of gravity through a certain space, it will 
acquire a certain power, or momentum, according to 
the space through which it shall have descended. But 
if, instead of descending freely by itself, we suppose 
another body of equal weight to be attached to it, by 
means of a slender thread passing over n pulley, and 
lying upon a horizontal plane, without the sraallest 
obstruction to its motion, the first body cannot descend ■ 
without dragging this other along the plane with a ve- 
locity equal to its own. The sum of the forces impres- 
sed upon the two, through the medium of the suspend- 
ed body, in descending through the same space, will 
be the same as that impressed upon it singly in the 
first case. Therefore, the force impressed upon each, 
and, consequently, the square of the final velocity of 
each, will be but one-half. But if the square of the 
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final velocity is one-halF, the square of the time will be" 
Rouble ; and the square of the whole time being 
double in the time that the first body unconnected 
with the other, descended through the whole space, 
now that it is connected with it, it will descend through 
but one-half; and the square of the velocity acquired 
in that time will be but one-fourth, which, multipli- 
ed by a doable quantity of matter, gives but one-half 
the effect; wherefore, the pressure and the time being 
.the same, the effect, or the potential velocity, impress- 
ed upon a body, will be inversely as the quantity of 
-matter it contains ; or, the time and the quantity of 
matter being the same, the effect will be as the square 
of the intensity of the pressure. 

It dues not appear tliat this has ever been taken 
notice of by any writer on the subject, that the pres- 
sure and the time being the same, the effect should 
depend upon the quantity of matter acted upon ; al- 
though the fact may be observed in every day's expe* 
rience. For instance, in the firing of a common gun, 
the powder exerts an equal pressure upon the gun 
backwards that it does upon the ball forwards ; yet 
the effects are very different. If the impetus of the 
gun backwards were equal to that of the ball in the 
other direction, it would be impossible for a man to 
Bustiun the shock upon hi'4 shoulder. The same thing 
may be obser\'ed in firing large guns on board of a 
ibip. If the recoil of the guns were equal to the impe- 
tna of the balls, the firing a very few on one side at a 
'time would be sufficient to rend the vessel in pieces. 
There are numberless other facts of a somewhat simi- 
lar nature in the collision of bodies, and which are ex- 
tremely interesting, and of the highest importance in 
practical mechanics ; but these belong to the third law 
of motion, which is thus defined by Sir Isaac Newton : 
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THIRD LAW OF MOTION. 
'* To every action there is always opposed an eqnal 
re-action ; or the mutual action of two bodies opoD 
each other are always equal and directed to contrary 
parts." 

This third law of motion is to be exemplified piinci- i 
pally ill the collision of bodies. Let an anelastic body i 
in motion come into collision with another equal to it J 
at rest ; the moving Iwdy, by its pressure on the other,' 
will communicate to it a certain degree of motion; 
whilst the one wbich was at rest, by an equal coun- 
ferpreasure against the moving body, will destroy in it 
the same quantity of velocity ; and they will both move 
forward with half the velocity of the first. Here the 
pressure and the time are the same upon both bodies; 
and the velocity destroyed in the one is equal to the 
velocity communicated to the other ; but the potential 
velocity destroyed in the one is very different fi-om that 
communicated to the other. The same pressure, when 
applied to resist a body in motion, destroys power much 
faster in that body than it would communicate it to 
another in urging it from a state of rest. The first 
maybe compared to a body in motion ascending against 
the power of gravity; the other to one descending frorai 
a state of rest by the same power. In the time that 
the first will have lost one-half of its velocity, it will 
have risen to three-fourths of the height to which its 
velocity is capable of raising it ; and, consequently, 
will have lost three-fourths of its power. In the same 
time the other body, descending from a state of rest, 
will have descended through but one-fourth of the space 
through which the other is capable of rising, and have 
acquired but one-fourth of its power. The sum of the 
forces in the two af that instant when their velocitiea 
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ire the same is but one-half the original power of the 
ascending body. So it is with the bodies meeting in 
collision ; the sum of the forces in the two, after colli- 
Bion, is but one-half of the force, or potential velocity, 
which the moving body possessed before collision: If 
the body at rest is to the moving, or impelling body, 
as two to one, the velocity destroyed in the moving 
body will be to that communicated to the other like- 
wise, as two to one ; and the two will move forward 
with one-third the velocity of the first ; and the sum 
of the forces in the two, after collision, will be but 
one-third of the original power of the impelling body. 
In short, the power remaining in the two, after colli- 
sionj is always to the previous power of the impelling 
body, as the matter in that body is to the matter con- 
tained in the two. But the velocity of the common 
centre of the two, or the quantity of matter multiplied 
by the simple velocity, continues uniformly the same 
after collision as before it ; and it is this -fact, which 
has been so long understood — whilst it was never sus- 
pected that any power was lost in the collision be- 
twixt the two — ^that has been the cause of that measure 
of force> " the quantity of matter multiplied by the 
simple velocity," having been at first adopted, and so 
long retained by the great body of philosophers. 
- There is always a very sensible change takes place in 
the form, or in the cohesion of the parts, on the collision 
of non-elastic bodies, which ought to have led philoso- 
phers to suspect a destruction of power to produce thi» 
effect. But, instead of this, it has been even attempted 
to prove, that this change may be effected without any 
power being lost or destroyed. If any method could 
be discovered by which solid bodies might be penetra- 
ted, or the cohesion of their parts overcome, without 
any lo«s or expenditure of power, it would be a valuable 

B 
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discovery indeed in practical mechanics. But ther# 
seems not the Riualle.st reason for supposing that such 
a discovery will ever be made. On the contrary, 
uniformly found that the power lost is, celerin parti 
directly as the effect thus produced- Smeaton* sa* 
that power mast be lost in the collision ; but he did not 
perceive the true theory, or the manner in which it is 
lost. In the experiments which he made on the sub- 
ject, he employed two bodies of equal weight, and he 
found the loss of power to be exactly one-half; and he 
concluded this to be the proportion lost in al! cases of 
the collisiou of non-elastic bodies. Had he made trials, 
however, with bodies of different proportions, he would 
hare found very different results. 

But although the loss of power attending the collision' 
of unelaatic bodies has been unobserved by philosophers, 
or its theory misunderstood, the fact itself has had con- 
siderable influence in the practice of the mechanical 
arts. For Instance, in the hewing of the softer species 
of stones, our artificers nse the chisel and the mallet, 
notwithstanding the loss of power that takes place in 
tbe collision betwixt the mallet and the chisel ; but ii* 
hewing millstones, or granite, or any of the other harder 
species for building, where greater force is required, it 
is fouud necessary to use a single implement of a diffe- 
rent construction, that may be made to act immediately 
with its own impetus. In like manner, in boring rock, 
for the purpose of blasting it with gunpowder, where 
the bore to be made is small, and of course no great 
power is required, a sort of chisel, provincially called 
fijiimper, which is wrought with a hammer, is used ; but 
where the bore is to be larger, and of course more 
power required to make it, it is now common to nse an 
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iDstrnmeDt that operates without the medium of a ham- 
mer. Thiii itt made much heavier than the other iti- 
stniment ; and is raised and let fall with its own weight, 
and wliat additional impetus the workman can gire to 
it in its descent. Thu» the collision, and the conse- 
quent loss of power, which necessarily attend the use 
of the hammer, are avoided ; and its efficiency is found 
to be considerably greater, although there are certain 
inconveniences attending tlie moda of working it. 

There are some machines, as the engine for driving 
piles, that operate entirely by collision ; and in these it 
seems impossible altogether to avoid a waste of power ; 
bnt this loss may be much lessened by a due proportion- 
ing of the impelling body to that which is impelled. If 
the weight of the hammer, or ram of the pile-engine, for 
iiistance, is equal to that of the pile to be driven by it, one- 
balf of the power expended will be lost, or wUl produce 
no effect in driving the pile into the ground ; no matter 
what is the impetus of the ram, or what height it may 
be made to descend from ; this is the proportion of the 
power that will be expended in vain. If the weight of 
the ram is one-half of that of the pile, two-thirds of 
the power will be lost. If it is one-third of the weight 
of the pile, three-fourths of the power will be lost. Or 
if we could suppose the rnra to be only one-hundredth 
part the weight of the pile, such a ram might make a 
deep impression on the lop of the pile, but it would 
have almost no effect in forcing it into the ground, al- 
though its impetus, or the square of its velocity, multi- 
plied by its quantity of matter, should be the same a^* 
in the case of the heavier ram : the proportion of the 
power lost would be to the whole power as 100 to 101 . 
On the other hand, if the weight of the ram is double 
that of the pile, one-third only of the power will be 
lost ; if three times the weight of the pile, one-fourth 
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will be lost ; and 8o forth in other proportions. The 
effect produced being always to the whole power of the 
ram, as the M*eight of the ram is to the sum of the weights 
of both it and the pile. 

There are other machines or implements, again, the 
design of which is to alter the form of bodies, or to 
break the cohesion of their parts, as in the forging of 
metals, breaking of stones, <&c. In these operations the 
great object is to spend the whole impetus of the ham- 
mer upon the body operated upon ; which is to be done 
by presenting the greatest possible resistance to it. If 
the body to be operated upon does not itself possess suffi- 
cient inertia to arrest the whole motion of the hammer, it 
must be placed upon another that will have that effect ; 
and hence the use of the anvil in the forging of metals. 
The weight and form of the hammer, again, must be 
regulated by the change intended to be produced upon 
the body to which it is to be applied. For instance, in 
beating out a piece of iron on an anvil, either in length 
or breadth, the force should be communicated as equal* 
ly as possible through the whole mass ; hence, the 
weight of the hammer should be great, compared with 
that of the iron, and its face plain. A heavy hammer 
will force the iron against the anvil ; the re-action of 
which against the under side of the iron will be nearly 
equal to the action of the hammer upon the upper side ; 
and, consequently, the effect will be nearly uniform 
throughout. On the contrary, if the weight of the ham- 
mer is small, compared with that of the iron, the inertia 
of the iron will arrest nearly the whole motion of the 
hammer, even although its impetus should be the same as 
in the former case. The collision and the effect upou 
the upper side of the iron will be greater ; but there 
^ill be little action or re-action betwixt the under side 
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^nd the anvil ; and hence the under side of the iron 
will be little affected. 

Again, there in another kind of operation, as in the 
rivetting of nails, which requires only the part struck 
by the hammer to be affected. And here the proce- 
dure mnst be the reverse of the last. A heavy ham- 
mer -would force back the nail from its place ; but it 
would have little effect in flatteniug the part struck, 
which is the object of the operation : consequently, a 
light hammer with u sharp face is always used for this 
purpose, and is applied with a quick stroke. 

In the breaking of large stones a heavy hammer 
must necessarily be used. A small hammer with the 
same impetus wCl not produce the same effect. The 
latter may shatter the stone more on the part struck, 
but it will not communicate the same shock through 
the body of the stone that the former will do, to split 
it or break it in pieces. And the reason is tliis : if the 
stone is very much heavier than the hammer, the mo- 
tion of the hammer is arrested by the inertia of that 
aide of the stone which is struck, so that the opposite 
side scarcely feels the shock at all ; yet a light ham- 
mer is found to be more efficient than a large one in 
breaking a small stone, if the stone is lying on a loose 
heap, or has nothing but its own inertia to resist the 
Impetus of the hammer. And this is easily accounted 
for on the preceding principles. If the stone is very 
light, compared with the hammer, it presents but little 
resistance to it ; it flies away with nearly the original 
velocity of the hammer, and of course there is little of 
the impetus of the hammer spent in the collision be- 
twixt the two. Hut if the weight of the hammer is 
small, compared with that of the stone, there is a 
greater proportion of its impetus spent in the collision. 
If the hammer and the stone are of the same weight, 
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then oQe>half of the impetax of the hamnier \s ><pent it 
the ooUisiou ; the tendency of which is to brealt ttH 
stone ill pieces. Vet, again, if a small stone is placed 
opoo a very large one, or on some immoveable bed, 
the heary hammer will be les» efQcteut than the light 
one in breaking it ; for, then, the whole impetus of the 
hammer will be spent in the collision, and, as we ob- 
Berved with regard to forging a piece of iron >vith a 
heavy hammer on an anvil, the shock becomes more 
equably communicated tbrongh the whole mass ; the 
re-action from below being nearly equal to the action 
of the hammer from above ; and hence in this way the 
stone will be reduced into agreater Dumber of pieces. It 
has accordingly been found, that, where it is wished to 
break stones very small, as the modern system of road- 
making requires, a man can perform much more work 
by this method than in the furmei- way of UHiug small 
hammers, and breaking the stones upon a loose heap. 
This method is attended, however, with one inconve- 
nience, viz. it reduces much of the stones to.a powder, 
which is unsuitable for road-making. But this may be 
remedied by afterwards sifting them. 

The theory of the operation of the tools used by arti- 
ficers and labom-ers, is altogether a curious and inte- 
resting subject, and worthy the attention of mechanical 
philosophers. But they have hitherto been prevented 
from entering much upon it from their erroneous ideas 
of the laws of motion, and of the nature of the relation 
of cause and effect in the mechanical action of bodies 
on one another. 

In the collision of elastic bodies the result is very 
different from what takes place in the case of those 
that are unelastic. If one elastic body is impelled 
against another at rest, the consequence will be the 
same in the first part of the procets, or during the 



OF MECHANICAL PHILOSOPHY. 



]fi 



fielding of the partH, an if the bodies were nnelastic. 
If the tffo bodies are equal, the first will have comma- 
nlcated one-half of its velocity to the other, whilst it 
itself will be as much retarded. But the action does 
not stop here : for the parts have a tendency to resnme 
their original form ; and in the distending of the springs 
the velocity of the impelling body will be extinguished, 
and that of the other will be doubled, or become equal 
to the velocity of the first before collision. In like 
manner, if one body is impelled against another of dou- 
ble weight, it will communicate one-third of its velocity 
to it in the collapsing, and another third in the distend- 
ing of the springs ; and the second body will move for- 
ward with two-thirds of the velocity, or eight-ninths of 
the power of the first ; and the first will recoil with 
one-third the velocity, or one-ninth of its original 
power ; and so on in the collision of bodies of other 
proportions. 

In the collision of elastic bodies there is no power 
either lost or gained. If either of the bodies is elavtic, 
the consequences are the same as if both of them were 
so. If both of them are imperfectly elastic, the power 
lost is in proportion as the yielding parts of the one 
which is most elastic fail to recover their original form. 

It is hoped we may now be enabled to proceed to the 
the investigation of practical subjects by a way, not only 
shorter and more compendious, but that will likewise 
give us greater certainty in the results, than that which 
has hitherto been pursued by philosophers. The above 
discovery which we have made with regard to the ap- 
plication of mechanic power, viz. that the effect pro- 
duced in the action of bodies on one another depends 
not solely on the action employed, but likewise on the 
re-action of the matter acted upon, although, at first 
right, it may appear of very ordinary importance, is 
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one which, when followed oat in all its yaiious bearings 
in the different branches of science, cannot fail in a 
great measure to revolutionize every department of 
philosophy, moral as well as physical, inasmuch as it 
leads us to resolve all the phenomena of nature into 
the principles of action and re-action, instead of attri- 
buting them, as at present, to the absolute properties 
of matter or of mind. If this has hitherto passed un- 
observed by philosophers, and if they have fallen into 
such inaccuracies in a subject where all the elements 
%re so evident to our senses as that of material motion, 
we may surely be allowed a rational scepticism with 
regard to the doctrines in some of the other sciences,*^ 
"where the truth is necessarily more difficult of access^ 
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THE PERCUSSION AND RESISTANCE OF FLUIDS. 

The same mode of computing the mechanic poweP 
impressed opon a body, viz. by presscre and Bpace, and 
the same meosare of the power of a body in motioni 
the quantity of matter and the square of the velocity, 
which we hare adopted for the solution of the pheno- 
mena of the motion of solid bodies, will be found no 
less applicable to the action and resistance of fluids. 

We nhall first consider Quids as applied to communi- 
cate motion to macliines ; this forming the most simple 
part of the theory of the motion of fluids. 

Before the discoyery and improvement of the steam- 
engine, water was considered the cheapest, the most 
powerful, the mQst manageable, and the steadiest of all 
the means employed for the turning of machinery. And 
althoTigh the steam-engine has considerably lessened 
the importance of water, the latter is still always em- 
ployed wherever a aufficieat and regular supply of it, 
with a suitable fall, can be conveniently had. The 
application of water to the moving of machines has of 
course always formed, and continues to form, a very 
important branch of mechanics. It has commanded a 
good deal of the attention of our philosophers and ma- 
thematicians ; but what is remarkable, there still are 
bat few points of the theory with regard to which they 
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are perfectly agreed. It is fortunate, however, thatoar 
practical men have found fewer difficulties. By attentive 
observation, wherever any errors have been committed 
in practice these have generally been detected and cor- 
rected; and they have thus certainly brought the art 
to very great perfection, and settled upon general rules 
by which they seldom err to any great extent ; whilst 
our philosophers, in the mean time, have been unable 
to follow them up and to trace the true theory, ^fl 



OF OVERSHOT WHEELS, 

Of all the different ways of applying water to turn 
machinery the overshot wheel is the most powerful in 
practice, and the most simple in its theory. After the 
water is brought upon the wheel, it descends along with 
it with an uniform nnaccelerated motion, and conse- 
quently presses upon the wheel with its whole weight 
through every part of its descent ; and is calculated to 
raise a weight equal to the weight of the water, and to 
an equal height, making an allowance only fur the loss 
of power by friction. In bringing the water upon the 
wheel, there is a certain portion of its descent neces- 
wariiy set apart for giving the water a proper velocity 
before it comes upon the wheel. This may be considered 
as so much perpendicular space lost in point of power ; 
but it need never be great— from nine inches to a foot, 
or fifteen inches, is sufficient for a wheel of any size. In 
bringing the water upon the wheel, a velocity should be 
given to it very little more than thot of the wheel iteelf, 
Whatever velocity is given to it more than this, produces 
comparatively little effect ; as that portion of it acts 
by impulsion, or upon the principle of the undershot 
wheel, which has not half the power of the overshot. , 

It has been a question amongst mathematiciai 
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"What is the most proper velocity for an overshot 
wheel, in order that it may produce the greatest effect ? 
Smeaton, whose authority has been much looked np to, 
says, three feet per second. But this is much less than 
what ia generally allowed hy practical men, which 
runs from four to set-en feet per second, according to 
circumstances. The only loss that can arise from 
giving the wheel too great a velocity must he from one 
or other of the following causes : viz. the perpen- 
dicular height that is sacrificed to give to the water the 
velocity of the wheel before it comejf upon it, which is 
a very small matter, as the difference betwixt three 
feet per second, and seven feet, requires only about seven 
and a half inches of perpendicular height; or there 
may be a difficulty in throwing the water into the buc- 
ketH ; or it may be thrown out again by the centrifugal 
force, if the velocity of the wheel is too great. There 
need be no great loss, however, from either of these 
causes, if things are properly constructed, when the 
diameter of the wheel is not less than fourteen feet, 
and the velocity of its circumference not more than 
seven feet per second. But Mr Smeaton seems to have 
imagined, that, in giving the wheel a great velocity, 
there is a Iosh o£ power independent of these causes. 
" Though the product," says he, " made by multiply- 
ing the number of cubic inclies of water, acting in the 
wheel at once by its velocity, will be the same in all 
cases,; yet, as each cubic inch, when the velocity is 
grea/er, does not press so much upon the bucket as when 
it is lens, the power of the water to produce effects will 
be greater in the less velocity than In the greater ; and 
hence we are led to this general rule. That, ceteris 
paribus, the less the velocity of the wheel, the greater 
will be the effect thereof," 
Now, this LI quite an erroneous idea of Smeaton'a. 



so 



INVESTIGATION OF THE PRINCIPLES 



It Ls an established law in mechanics, that when a body 
is descending by gravitation, whatever velocity it may 
have acquired, the power of gravity will still continue 
to press it downward with the same force, when it has 
acquired the velocity of a thousand feet per second, as 
if it had only a velocity of three. The water most 
have a velocity at least equal to that of the wheel be- 
fore it is thrown upon it ; and unless it is thrown oat 
again by the centrifugal force, it will continue, during 
its whole descent, to press upon it with its whole weight, 
whether it moves fast or slow. 

Hut though Smeaton recommends the velocity of an 
overshot wheel to be so low as three feet per second, 
yet he acknowledges, that " it is an advantage, in prac- 
tice, that the velocity should not be diminished farther 
than what will produce some solid advantage in point of 
power ; because, ci«leriit paribus, as the motion is slower, 
the backets must be made larger ; and the wheel being 
more loaded with water, the stress upon every part will 
be increased in proportion." 

There is another disadvantage attending arery slow 
motion : When the resistance is not perfectly uniform, 
the motion is not so steady as with a greater velocity. 
If the resistance happens at any instant to be lessened, 
or removed altogether, the wheel b more apt to start 
into a greater velocity ; or if it should meet with any 
temporary increase of resistance, its power to overcome 
it is much less. The water- wheel^acts not only in turn- 
ing the other parts of the machine, but likewise as a 
fly-wheel in giving regularitj- to their motions ; and 
its power, in this latter respect is as its weight and the 
square of its velocity. When the work in which a 
water-wheel is employed does not present an uniform 
resistance, it is of importance that the wheel itself 
should have a considerable weight to produce a regular 
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motion. In separating corn from tlie straw, for in^ 
stance, the reaiHtance is not bo uniform as in grinding 
it into flour; therefore, the former process, cmleris 
paribus, would require a heavier wheel, with a some- 
what greater velocity. When Mr Meikle, the inventor 
of the thrashing- mill, first employed water to turn these 
machines, he found their motion frequently so very 
irregular, that he was like to give the preference to 
animal power for that purpose, till he thought of in- 
creasing the weight of the water-wheel, which had the 
desired effect of equilizing the motion. When thrash, 
ing-machines are turned with overaliot water-wheels, 
these are geucrail; made to move at the rate of six or 
seren feet per second. However high the name of 
Smeaton may stand as a practical engineer, it is well 
known that there were fiour mills erected under his 
directions, in which it was afterwards found necessvj 
to increase the velocity of the water-wheels. 



OP UNDERSHOT WHEELS. 

Water-wheels are generally considered by practi- 
cal men to consist of three kinds, viz. overshot wheels, 
which receive the water on their top in backets, and 
are carried round by its weight ; secondly, breast 
wheels, which likewise receive the water in buckets, 
bat at some lower point than the top — on these the 
water acts likewise by its weight ; thirdly, the under- 
shot — here the water is received on float-boards, at 
some point much below the centre of the wheel, and 
where it is generally supposed to act by impulse ; but 
even here, too, it commonly acts much more by its 
weight descending with the wheel than by impulse. 

Scientific men, on the other hand, generally divide 
water-wheels into two kinds, as acting on two distinct 



22 INVESTIGATION OF THE PRINXIPLES 

principles; viz. orershof, on which the water acta erf 
tirely by its weight, and tmdershol, where it acts en* 
tirely by impulse. It is this latter Itind which we an* ' 
now going to consider; and whicli has been the subject 
of more discussion among the learned than even the 
overshot, though greatly inferior to it in practice itf J 
point of power; but what may seem remarkable I 
that authors are yet by no means agreed, either as t> 
the effect it is capable of producing, or the velocity it 
should have, as compared with that of the water, in 
order that it may produce the greatest efi'ect. Nay, 
not only are the learned not agreed on these things, 
but there is even a difference of opinion among them 
as to the force with which a vein of water, spouting 
from a round hole in the side of a vessel, presses upon 
a plane directly opposed to it. The more general 
opinion is, that the pressure of the vein, flowing uni- 
formly, ought to be equal to the weight of a cylinder 
of water whose bore is equal to the hole through which 
the water flows, and its height equal to the height of 
the water in the vessel above the hole. But this is a 
mere vague assumption, without any rational founda- 
tion. It is evidently an erroneous idea to suppose that 
the area of the hole affords the measure of the thick- 
ness, or the transverse section of the spouting vein ; 
for at a very short distance from the hole the vein be- 
comes contracted in the ratio of nearly 64 to 100 ; and 
it is after this contraction that the water moves with 
the velocity due to the height from whence it has de- 
scended. It is therefore the contracted vein that 
xhoiild lie adopted in computing the transverse section 
of the vein of water issuing from the vessel. Neither 
is it the height of the fluid in the vessel, but the double 
of that height that denotes the velocity — and conse- 
quently the length— of the vein striking the plane I 
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the time occupied by the fluid iu descending from the 
top of the vessel. For iaatance, if the height of the 
water in the vessel ia i^ixteen feet, it will fall through 
that space in nearly a second of time, and acquire a ve- 
locity of about thirty-two feet per second. But, per- 
haps, the best way to elucidate the pressure of a vein 
or column of water against a plane opposed to Its 
motion, will be to suppose the column of water to be 
at rest, and the plane to move against it. 

WTien motion is communicated to a solid body by 
an uniform pressure acting simultaneonsly on the 
whole body, equal increments of velocity are genera- 
ted in equal times ; and the pressure necessary to pro- 
duce any given velocity in a given time, is as that ve- 
locity and the quantity of matter. But if we are to 
communicate motion to a column of fluid by a plane 
moving agaiust it in the direction of ito length withatt 
uniform velocity, the case is somewhat different : here 
it is the quantity of matter put in motion that increases 
uniformly with the time. The effect, however, as to 
the quantity of resistance is the same ; for the incre- 
ments of the quantity of matter must have the same 
effect in producing resistance, as the increments of 
velocity in the case of the solid body. But it requires 
an uniform pressure equal to it» weight to communicate 
to the solid body a velocity of thirty-two feet in a 
second of time; so, to communicate to a vein of water, 
by means of a plane moving against it with an uniform 
pressure, that plane must be made to move uniformly 
at the rate of thirty-two feet per second, and will sustain 
a resistance equal to the weight of a column of water 
of the same transverse section, and thirty-two feet in 
heiglit ; or, as action is equal to reaction, if the vein 
of water is made to move against a fixed plane, it muiit 
produce nj^ainat it the same pressure. 
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Bat in this way of Mmmanicating motion by collision 
to a vein of water thirty -two feet in length, the pres- 
sure must be continued over the whole space of thirty- 
two feet ; whereas, in commanicating motion to a solid 
body, containing the name qnantity of matter, by an 
nniform pressure and with an arcelerated velocity, the 
Name pressure has only to travel over nixteeri feet ; 
hence, in this way of commnnicating motion by colli- 
sion, we see that it requires the expendittiro of twice 
the mechanic power to produce the same eflFect ; or, in 
other words, that one-half of the power is lost. In a 
former part of our inquiry, we foond that power is al- 
ways lost in the collision of unelastic solid bodies ; so 
here, too, it is only when the fluid is unelastic that this 
loss of power takes place. If the water were elastic, 
8o as to rebound from the plane with perfect elasticity, 
it would then, indeed, require twice the pressure along 
the space of thirty-two feet ; but this double pressure, 
by producing a double velocity, would produce a quad- 
ruple power. Or if the »!ame pressure is continued over 
only sixteen feet against this column of elastic fluid, 
it will generate in it, the same velocity as if continued 
over the whole thirty-two feet against a column of un- 
elastic fluid. 

Agreeable to the above view, Dan. Bemoalli has de- 
termined the force with which a vein of water, Npottting 
from a round hole in the side of a vessel, presses against 
a plane opposed to its motion, to be equal to the weight 
of a cylinder, whose transverse section is equal to that 
of the contracted vein, and whose height is double 
that of the water in the vessel above the hole. We 
see, however, that this computation of Bernoulli's can 
be true only on the supposition that water is perfectly 
unelastic ; but, it is well known that water possesses 
considerable degree of elasticity ; its force must th( 
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fore be considerably increased by the action of ita re- 
coil from the plane ; and, accordingly, though we are 
told by Bernonlli that he found his theoretical compu- 
tation proved by experiment, yet other experiments # 
have made it one-fourth greater. 

When a vein of water is made to sti-ike against a 
plane in order to produce some mechanical effect, it 
is evident that the plane must not remain at rest ; for 
then it could not be performing any work whatever. 
Neither must it move so fast as the water ; for then the 
water could not strike it with any force. It mnst there- 
fore move with some intermediate velocity ; but as to 
what that is, oar mathematicians are by no meana 
agreed. It has generally been determined that the 
plane should move with one-third of the velocity of the 
water ; but this has not been acquiesced in by some 
mathematicians ; neither is it borne out by experience, 
when applied to a system of planes, as in the case of 
an undershot- wheel, thongh it is perfectly correct when 
applied to a single plane. This will require a parti- 
cular consideration. 

The force with which a rein of water strikes against 
a fixed plane is as the square of its velocity ; or as the 
quantity of water, striking the plane in a given time, 
multiplied by the velocity of that water. Again, if 
the plane against which the water strikes is not fixed, 
bat moves in the direction of the stream, and some- 
what slower, the pressure upon it will then be as the 
square of the relative velocity of the water ; and the 
mechanical effect which such a plane is capable of 
producing, vrill be greatest when the pressure upon 
the plane, multiplied by the velocity of the plane, is a 
maximum ; that is, when it moves with one-third of the 
Telocity of the water : for then the relative velocity will 
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be two-thirds of the absolute Telocity, and 2 is that part 
of 3, whose square, multiplied by the remainder, gives 
the greatest product ; and tho effect will tlieii be eight 
twenty- sevenths of the power expended. If this were 
the principle upon which water acted on an undershot 
wheel, its effect would, of course, be a maximum when 
moving at the same rate, or with one-third of the ve- 
locity of the water. But this is not the principle on 
which an undershot wheel is acted upon. A plane, or 
a single float-board, moving in the direction of the 
stream, with one-third of its velocity, in any given 
time, would be overtaken or struck by only two-thirds 
of the stream, issuing from the aperture or fountain- 
head, in the same time. But an undershot wheel has 
more than one float : it is formed with a set of floats, 
which, as it eevolves, intercept the whole stream as it 
issues from the aperture ; and is, therefore, atrnek with 
the same quantity of water, whether it move.*i fast or slow. 
Mr Waring and others, adverting to this circoni- 
Htance, have determined, that the quantity and abso* 
lute velocity of the water being the same, the pressoi 
of the stream upon the wheel, is, simply, as the relativi 
velocity ; and that it produces a maximum effect when 
the wheel is moving with one-half the velocity of the 
water: 1. being that part of 2 which, multiplied by the 
remainder, gives the greatest product. This gives a 
greater effect than the theory of the foreraentioned 
mathematicians, who would have the wheel to move 
with only one- third of the velocity of the water ; as it 
gives both a greater pressure upon the wheel, and, 
likewise, a greater velocity to it. It makes the effect 
equal to one-half the power expended ; or, if applied 
to that purpose, it returns one-half the quantity of 
water to the height from whence it fell. If the wheel 
is impelled, for instance, by a vein of water inoviDg,J 
with the velocity of thirty-two feet per second, andi 
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the wheel itself moving with a velocity of sixteen feet, 
it will be pressed with a force equal to the weight of a 
«olnmn of water whose transverse section is equal to 
that of the impelling vein, and whose height is sixteen 
feet ; and it will be capable of raising that quantity of 
water, in a second of time, to the height of sixteen 
feet ; being the same height as that from whence the 
impelling vein had descended ; or exactly one-half the 
quantity that had descended in the impelling vein in the 
same time, which will be eqnal to a column of the same 
transverse section, but thirty-two feet in height. This 
is certainly the true theory of the nndershot wheel, how- 
ever far the effect may comeshort of this in practice, from 
the difficnity, or the almost impossibility, of making the 
jet any thing like complete, and from other causes. 

It must be acknowledged, that this theory seems to 
correspond very ill with the experiments of Smeaton. 
Bat though these experiments have been quoted by 
most authors who have written on the subject since his 
time, yet they have never undergone that strict scru- 
tiny which the subject requires ; and which wotild 
certainly have led to conclusions very different from 
those inferred from them, both by ISmeaton himself 
and others, with regard to the velocity which the 
wheel should have, compared with that of the water, 
as well as the ratio which the effect will have' to the 
power expended. In proof of this, we shall here ex- 



", Specimen of a Sei of Ej^periments on mi Undershot 

Wheel, applied lo raise a iceighi. # 
" The water above the floor of the sluice, 30 inches. 
Strokes of the pump, for filling the cistern, 
in a minute, . - _ . . 391 
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The head raised by twelre strokes, - 21 foelMt 
The whieel raised the empty scale, and made 

turns in a minute, «-•.«' 60 
With a counter. weight of lib 8 oz. * it made 85 
Pitto, tried with water, - . - 86 

No, Weight. Tvanuk In a minute, prodoct, 

lb. oz. 

1 4 46 .180 

2 5 42 210 ' 
• 3 6 86} 217J 

4 7 33i 286i 

5 8 80 240max, 

6 9 26i 238 

7 10 22 220 

8 11 16 1811 

9 12 Of ceased working, ' 

" Counter-weight for 30 turns, without water, 2 oz, 
in the scale. 

^^ N.B. — The area of the head was 105.8 square 
inches. Weight of the empty scale and pulley^ 

10 oz. Circumference of tlie cylinder, or a,id^ 
of the wheel, round which was wound the libl^ 
for raising the scale, 9 inches. Circumference 
of the water wheel, 75 ditto. 

^* Reduction of the above Set of Experiments. 

" The circumference of the wheel, 75 inches, multi- 
plied by 86 turns, gives 6450 inches for the velocity of 
the water in a minute ; one-sixtieth of which will be 

* N. B. — The counter-weight of 1 lb. 8 oz., together with the weight of 
the scale, 10 oz., are here supposed to balance the Mction* 

t " When the wheel moves so slow as not to rid the water so fast aq 
supplied by the sluice, the accumulated water falls back upon the aper- 
ture, and the wheel immediately ceases moving." 
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the velocity in a second, eqaaL to 107.5 inches, or 8,9t) 
feet, which is dne to a head (if 15 inches ; * and this 
we call the virtual or effective head. 

" The area of the head being 105.8 inches, this mnl- 
tiplied by the weight of water of the inch cubic, equal 
to the decimal .579 of the ounce avoirdnpois, gives 
61 .26 ounces for the weight of as much water as is con 
tuned in the head, upon 1 inch in depth — one-sLT- 
teenth of which is 3.83 pounds ; this multiplied by the 
depth, 21 inches, gives 80.43 pounds for the value of 
12 strokes ; and, by proportion, 39^ (the number made 
in a minute) will give 26-1.7 pounds, the weight of wa- 
ter expended in a minute. 

" Now, as 2&4.7 pounds of water may be considered 
as having descended through a space of 15 inches in a 
minute, the product of these two numbers, 3970, will 
express the power of the water to produce mechanical 
effects ; which were as follows : 

" The velocity of the wheel at the maximum, as ap- 
pears above, was 30 turns a minute ; which multi- 
plied by 9 inches, the circumference of the cylinder, 
makes 270 inches ; but aa the scale was hung by a 
pulley and double line, the weight was only raised the 
half of this, viz, 135 inches: 



" The weight in the scale at the maximum, 8 

Weight of the scale and pulley, - - 10 

Counter-weight, scale and pulley, - - 12 

Sum of the resistance, - ... 9 



* " Tbis 1» determined upon tJie commoQ mQiim of Hydrostatics, that 
the velocity of spouting wutur is equul to the vducity tliat n heavy body 
woald acquire in felling from the height of tlie reacrvoir ; and u proved hy 
tlic rising of jet* to tlie height of their re6cr^-uirs nearly." 
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" Now, as 9.375 poandH is raiHed 135 inch^, these 
two number!) being multiplied together, the product is 
1266, which expresses the effect produced at a maxi' 
mum ; so that the proportion of the power to the effect 
is as 3970: 1266, or as 10:3.18." 



The first obitervation that we would make on thli.'' 
above set of experiments is, that when we compare thit' 
number of turiw in No. 3, viz. 36i, with the number of 
turns in the one that precedes, and in the other that 
follows it, viz, 42 and 33 J, we do not find that regular 
progression which prevaUs amongst the rest. There is 
evidently a mistake in it. But if we substitute 38 for 36J, 
we will find the progression pretty regular throughout 
the whole. 

In the next place, in putting down the weight raises 
Smeaton has not included the weight of the scale,- 
which is evidently as much a part of the weight raised 
as that in the scale. In a theoretical point of view, the al- 
lowance for friction should likewise have been included, 
or indeed even for practical purposes : for friction does 
not form an invariable quantity ; there being several 
means by which it may be indefinitely reduced ; and it 
is seldom or never the same in two different machines. 
He afterwards, indeed, takes in both these in estimating 
the effects produced ; but it was equally necessary that- 
he should. have done so here in determining the vel< 
city that produces a maximum. With these correctiouBjl 
we shall insert the above statement below ; to which 
we shall likewise add the relative velocities of the wa- 
ter in turns of the wheel per minute. We shall like- 
wise add the weights that these relative velocities ought 
to have raLsed according to theory on the above sup- 
position, that the force of a stream of water, striking a 
fixed plane, is equal to the weight of a column whosff 
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transverse sectiOD is eqcal to that of the stream, and 
whose height is equal to double the altitude due to the 
real velocity; which altitude is termed by Smeatoa, 
" the virtual or effecffvehe&d." In these experimeuts, 
from the weight of water expended, 264.7 pounds avoir- 
dupois, at the rate of the decimal .579 of an ounce to 
the cnbic inch, we have 7318.4 for the number of cubic 
inches ; which, divided by the velocity, 6450 inches per 
mlnate, gives 1.1346 for the transverse section of the 
spouting stream ; this multiplied by 30, or twice the 
virtual or effective head, gives in round numbers 34, 
for the cubic inches contained in the column ; the 
weight ofTrhich is 19.G oz. But in raising the weight, 
this acts upon a lever of considerable power. The 
drenmference of the wheel on which the water acts i» 
seventy-five inches ; whilst that of the cylinder, which 
constitutes the axle of the wheel, and round which was 
wound the line to which the scale was attached, is only 
Bine inches ; being in the ratio of somewhat more than 
eight to one. But as the water does not act on the 
very extreme circumference of the wheel, but some- 
what within it, whilst the power of the line extends 
half its own thickness beyond the circumference of the 
cylinder, we may suppose the water to be acting with 
a power equal to eight times its own weight. And, 
again, as the scale was hung by a pulley and double 
Kne, the power was thereby doubled : consequently, 
the power of the water upon the wheel should have 
lialanced sixteen times its own weight in the scale, or 
I9fi» &s02. This is the power of the vein of water act- 
ing with its absolute velocity against a fixed plane, or 
against the wheel in a state of rest ; and from hence- 
we can easily find the power corresponding to the' 
several relative velocities, which will stand as nnder 
ift the last column : — 
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No. W^&t TnniBma Product R^ati^ WeifgKthjt 

minute. velocity. theory. 

lb. oz. lb. oz. 

1 5 12 45 258.75 41 9 6. 

2 6 lOJ 42"" 280.3 44 10 a 

3 7 9i 38 287.7 max. 48 10 15. 

4 8 7i 331 285.8 52i 11 Hi' 

5 9 6 30 281.2 56 12 12 . 
C 10 4| 26t 272.6 59i 13 9 

7 11 2J 22 255^ 64 14 91 

8 12 0| 16i 198.6 69i 15 13i 

9 12 10 ceased working. 86* 19 9h 

These corrections present us with a very different 
view oC the sutgect in several respects ; and must lead 
us to draw inferences from those experiments rergr^ 
different from those Mr Smeaton himself has done^i 
We now find the maximum eflEbct to be at thirty-ei^6 
turns per minute, instead of thirty/ as in the former 
statement. Thirty corresponds with very little nMNrai 
than one-third of the absolute velocity of tke water^ 
whilst thirty-eight approaches to much nearer one** 
half. These corrections show us, toO| that a mucb 
greater latitude may be used with regard to the Telo-« 
city of the wheel, compared with that of the water^ 
than Mr Smeaton's statement supposes, without ma<-: 
terially influencing the effect : from twenty -six and ih 
half turns to forty- two, does not make a difference .«C 
one-nineteenth part. 

We also find that Mr Smeaton entertained a yevjfi 
erroneous idea in supposing that the impulse of the 
water, in the case of a maximum, in these experi- 
ments, was the double of that assigned by theory — > 
that it was nearly equal to the whole column ; when^ 
in- fact,, it was not equal to four-ninths of that column, 
as determined by the theory to which he alludes : the 
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impolse on the floats only, balanced in the' scale 7 ffi I 
9 oz., when the weight of the whole column should ' 
have balanced 10 It> 9 oz. Mr 8meaton estimates the i 
force of the whole column, when striking with ita abao* ] 
late velocity against the wheel at rest, by the load of 1 
12 Hi 10 oz., with which it ceased moring. But it was 
certainly not altogether thin load that stopped ita mo* -! 
tioa, it mnst have been a good deal aided by the a 
mulation of water in the conduit, breaking the force of T 
the impelling stream. Thus, not only was Mr Smeatoa | 
wrong in supposing the effect to be so much greater. 1 
than that assigned by theory, whilst it was positively j 
less ; but this deficiency was certainly principally owing J 
to that very circumstance to which he ascribes the sap- , 
posed double effect, viz. to the wheel moving in a coc^ 
duit, whereby the water, after having struck the wheeUj 
was prevented from immediately escaping. 

In 8 former part of this inquiry, we found that poweijT 
is necessarily lost in collision ; and that the more matt^ j 
intervening betwixt the impelling body and that < 
rated upon, the more power is destroyed in overcomiuj 
the inertia of that matter. So when the water, n 
having struck the floats, is not allowed immediately to' 
escape, it must necessarily break the force of that which 
follows. It is impossible, indeed, to conceive how any 
advantage can be derived from retaining the water 
after it has struck the floats : its power is then spent, 
and it can produce no farther effect in that direction. 
Smeaton quotes a pa.<4sage from Euler, from whence it 
appears, that that author entertained an opinion simi- 
lar to his own. Euler supposes, that the water, after 
striking the floats, moves towards the sides, where it 
exerts a particular force by which the effect of iinpul- 
Bion is increased. But whatever force the water may 
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in this way exert against the floats, it mast have at least 
an equal effect in breaking the force of that wliich h 
following, by returning against it ; whilst its very in- 
ertia most ulwayH be an obstruction to the impelling 
stream. This is farther confirmed by examining the 
above corrected statement: when the wheel makes 
forty-two turns per minute, the weight raised is to that 
which ought to have been raised, according to theory, 
nearly as 2 to 3 ; but as the velocity of the wheel 
decreases, and the relative velocity of the water in- 
ereases, the experimented weight, and the weight by 
theory, approach nearer to each other. Now, an the 
velocity of the wheel diminishes, the quantity of re- 
tarded water indeed increases ; but the power of the 
impelling stream to push aside this water, being as the 
square of the relative velocity, increases still faster, 
nearly aa far as these experiments go, when the pro- 
portions begin to take a different turn. By the time 
the nnmber of turns of the wheel is reduced to 16f per 
minute, the retarded water accumulates faster than the 
square of the relative velocity of the impelling stream 
increases ; and by the farther redoction of the velocity 
of the wheel, even by a few turns per minute, the re- 
tarded water accumulates so fast, that the impelling 
stream is unable to strike through it with sufficient 
force to raise 12 lb 10 oz. ; when, had the wheel been 
clear, and the water had free room to escape on every 
side, it ought to have raised 19 ib 9i oz, ; or, according 
ta the later experiments* on the force of a spouting 
vein, formerly mentioned, even a fourth part more. 

There is another cause which must likewise tend to 
diminish the effect : before any given float comes to 
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be at perfect right angles with the direction of the 
stream, another float, whose obliquity Is still consider- 
able, is intervening, and receives part of the stroke. 

It is remarkable, that Mr Smeaton takes no particu- , 
lar notice of the very great difference betwixt the vir- 
tual or effective head, and the actual height of the 
water in the cistern. In the above aet of experiments, 
it was exactly one-half. The virtual or effective head, 
deduced from the velocity of the water, he makes only 
fifteen inches, whilst the real height from which the 
water descended in the cistern was thirty ; still he could 
not raise a weight equal to one-third of the water ex- 
pended, even calculated in tliis way ; and after taking 
in, too, an allowance for the power remaining in the 
water after it had left the wheel, which has nothing to do 
Tpith the effect which an undershot wheel can produce. 
Bot when we compute the expenditure by the actual 
height from which the water descended, the effect was 
not one-sixth of the power expended. This puts the 
inefficiency of the undershot wheel (we mean a wheel 
.constructed to act strictly on the undershot principle) 
in the strongest point of view ; and shows the impro- 
priety of using it where the greatest effect is required. 

But, still, after aU that has been said and written on 
the theory of undershot wheels, it is more a subject of 
curiosity than real utility ; for, though a great propor- 
tion of our water-wheels are constructed on the form 
of undershot, and from the water acting only on the 
under part of them, they may with propriety enough 
be termed undershot wheels ; yet, on by far the greater 
part of them, the water acts chiefly on the overshot 
principle— that is to say, it acts more by its weight de- 
scending with the wheel, than by its impulse after its 
descent. 
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The perfection attained both in carpentry and ma- 
sonry, by our modern artists, has enabled them bo to 
accommodate the conduit, or race of the wheel, to the 
floats, that but a Hmall proportion of the water can 
escape between them. The floats are at the same time 
supplied with a board which prevents the water from 
dashin^Ef over into the interior of the wheel; so that 
nearly the whole of the water descends upon the floats, 
on the same principle as in the buckets of an overshot 
wheel ; and, in proportion to the height of the fall, 
with nearly the same effect. Floats have indeed one 
advantage over buckets, that when the water is leaving 
the wheel, it is more easily disengaged from them. 
When the fall is great, however, the bucketed wheel 
is always to be preferred. 

When a wheel with floats is constructed, as here de- 
scribed, to act with the weight of the water, the water 
should be received upon it at as high a point as possi- 
ble. It should merely he allowed a previous descent 
sufficient to give it a velocity very little more than that 
of the wheel. 

There are many cases where the qnantity of water, 
or the fall, is greater than is requisite for the work that 
is to be performed ; and where it is of greater conse- 
quence to save expense in the construction of the ma- 
chine than to obtain the greatest effect from the water. 
The wheel with floats is then made use of; and the 
water is made to descend upon an inclined plane, and 
to act on the wheel by impulse, A greater velocity can 
thereby be given to the wheel than if it acted upon the 
overshot principle, and the other parts of the machiae 
are thereby rendered more simple. 
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BARKER'S MILL. 

HE machiue known by this name acts upon i 
principle diCFerent from any of those above-mentioned. 
It is commonly said to act by the reaction of the water; 
but this is not very correct. It is moved by the un- 
equal pressure of the water on its opposite sides, in 
coDseqnence of the escape of the water by an aperture 
on one side ; but the power by which it is impelled, by 
no means corresponds with the force by which tha 
colamn issuing from it is urged into motion. It cannot, 
therefore, be said to act by reaction. 

This miU has afforded a good deal of discussion 
amongst mechanical philosophers ; but they are still by 
no means agreed as to its theory, or the effect it is 
capable of producing. It is hoped the following will 
be found a more satisfactory and correct view of the 
subject, than any that has hitherto been given. We 
introduce this miU here, not from any high opinion of 
its merits as a practical machine, but from the notice 
that has been taken of it by philosophers and mathe- 
maticians ; many of whom would still press it upon the 
world as a valuable discovery. It is, certainly, not al- 
together unfit for practice ; but it does not possess that 
power which some would ascribe to it, nor is it so easily 
constructed as seems generally to be imagined. 

This machine is represented by Fig. 1., in which A 
is an upright tube, BC, an horizontal tube, fixed across 
the bottom of it, and communicating with it internally, 
and having two apertures, d and e, near the extremi-' I 
ties, but on opposite sides. FG is an upright spindle, 
fixed into the upright tube, by two cross-bars at ff J 
Ro that, if the horizontal and upright tubes be turned j 
Fonod, the ipindle, FG, wiU be torned alio. On thtfj 
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top of the spindle ia fixed a mill-Htone, or Bome other 
piece of machiQery, according to the purpose for which 
it ie inteaded. U is a pipe or channel that brings the 
irater upon the tube. 

It is evideut, from inspection, that vhen the whole 
iiS filled irith water, and the two apertores, d and e, 
are shut, there can be no motion ; but when these are 
opened, the two ends of the horizontal tnbe in which 
they are situated, will each be relieved from a pres- 
sure equal to the weight of a column of water, whotie 
transverse section is equal to the area of the aperture, 
and whose height is equal to that of the water in the 
upright tube : each end will of course move backward 
with a force corresponding to this. This will be the 
force with which the machine will begin to move from 
a state of rest. But after it in put in motion, the water 
in the horizontal tube acquires a centrifugal force, 
whereby the pressure of the water is increased, not 
only against the ends, but Likewise its sides, especially 
towards its extremities. On the other hand, as the 
water enters the horizontal tube, and passex along 
towards its extremities, there is an angular motion 
communicated to that water by the tube ; from whence 
urism a reaction, which retards the motion of the ma- 
chine. 

The theory of this machine will be better understood 
by the bird's-eye view of it, Fig. 2., in which ABDE 
re.jwesents the horizontal tube, divided into two equal 
parts, AFGE and BDGF, commonly termed the arms 
of the machine. The circle FG, round the centre C, 
represents the upright tube : and H, I, the two aper- 
tves from whence the water issues. We shall ex- 
amine the theory of the arm A FGE ; the «.ame reason* 
iug that applies to it will likewise apply to the other. - 
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When the machino is at rest, and filled with water, 
and the aperture at H first opened, the water will 
issue from it with the velocity due to the height of the 
upright tube. But after it has begun to move, all the 
water ia the tube will have acquired a centrifugal 
tendency ; beginning with nothing at the centre C, 
and increasing in arithmetical progression, from that, 
to the extremity of the arm : consequently, the greater 
the velocity of the arm, the greater is the pressure of 
the wdter in it, both against the end of the arm, and 
likewise against its sides ; and the greater is that part 
of the pressure, from which the side, EG, is relieved, 
by opening the aperture H ; and the greater the force 
with which the opposite side will be pressed backward 
in the direction A«. 

On the other hand, from the water that is continu- 
ally passiug along the arm, from the centre to the 
sperture at H, there arises a great resistance. In 
leaTing C, the water has a tendency, from the pressure 
of the column in the upright tube, to move from that 
centre towards the extremity of the arm ; but it has 
none to move in the direction Aa: this latter motion 
is communicated to it entirely by the motion of the 
arm; and the reaction falls against the side EG, The 
quantity of this reaction depends upon the quantity of 
water that passes along the arm, from C to H, in a 
gfivon time ; and the velocity that is given to it in the 
direction Aa. This quantity of water, again, is regu- 
lated by the transverse section of the contracted vein, 
formed at a little distance from the aperture, and its 
velocity. But the whole resistance to the motion of 
the arm is the double of this : for it is evident, that 
when the water reacts on the side EG, it must fall 
back in an equal degree from the side AF ; and the,-* 
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whole resistance is the difFereoce of the pressures Oil 
the two sides, We shall here put a hypothetical case 
to find, what is the greatest velocity which this i 
caa acquire iu given circumstances. 

Let the height of the upright tuhe be equal to i 
Bpace through wliich a, body falls by the force of gra- 
vity, at the durface of the earth, in a second of time ; 
which, for the sake of even numbers, we shall suppose 
sixteen feet; and the length of the arm, from C to the 
aperture H, equal to the space through wliich the 
body moves, m the same time with the velocity which 
it acquires in falling through that space, or thirty-t 
feet. 

Let the upright tube and the arm be filled with y 
ter, and the aperture at H be opened. The water will 
begin to issue from it, (on the supposition of the jet 
being complete,) with the velocity of thirty-two feet 
per second ; and the extremity of the arm wUl move 
backward in the direction Am. When it begins to move, 
it is pressed with a force equal to a column of water 
whose height is sixteen feet, and whose transverse sec- 
tion is equal to the area of the aperture, acting upon 
the side AF, at a point opposite the centre of the aper- 
ture H. Let the arm be accelerated till, at the aper- 
ture, it moves with an uniform velocity of thirty-two 
feet per second. All the water in the arm will now 
have acquired a centrifugal tendency ; the force of 
which will begin with nothing at the centre C, increa- 
sing directly as the distance from it, till at the aperture 
it is equal to the force of gravity. The whole cen- 
trifugal force of the thirty-two feet of water in the arm, 
will be equal to the pressure of sixteen feet of water in 
an upright tube. This, added to the pressure from the 
upright tube, will make the whole equal to a height of 
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thirty-two feet ; and the pressure from which the side 
EG is now relieved at the aperture, will he equal to that 
of a column whose height is thirty-two feet, and whose 
transverse section is equal to the area of the aperture. 
This is the force with which the arm will be pressed 
backward in the direction Aa. 

But there is now a very considerable resistance op- 
posed to this motion of the arm. This resistance, aa 
observed above, is as the quantity of water that is con- 
tinually moving along the arm, and the velocity that is 
given to it in the direction HA. The quantity of water 
passing along the arm is regulated by the velocity with 
which it issues from the aperture, and the transverse 
section of the contracted vein. The velocity is in this 
case about 45,2.5 feet per sfecond ; and the contracted 
vein is to the aperture from whence it issues nearly as 
64 to 100. If we denominate the area of the aperture 
by unity, then the contracted vein will be the decimal 
.64 ; this multiplied by 45.25, the length of the spout- 
ing column per second, gives 28.96; this quantity of 
water is uniformly accelerated in the direction HmA^ 
at the rate of thirty-two feet per second, in the same 
manner as if it were subjected to the action of gravity ; 
and, reaction being equal to action, the resistance will 
be equal to the weight of this quantity of water press- 
ing upon the side A F. But the whole resistance is the 
difference of the pressures upon the two sides AF and 
EG ; and the tendency of the water to fall back from 
the side AF being equal to the pressure upon the side 
EG, the above quantity must be doubled : This gives 
57.92 for the whole resistance. But, again, this resis- 
tance presses equally along the whole length of the arm 
from G to H ; the centre of resistance, therefore, lies 
but half-way betwixt G and H, whiUt the centre of the 
impeUing power lies upon the point n, acting as it were 
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with a lev^er of doable the power that the resistaivw 
does : Consequently, the above quantity 57.92 must b0 
divided by 2, which again reduces the resistance at H, 
to 28.96. But the impelling power is equal to thirty-< 
two ; it is therefore capable of communicating a stiU 
greater velocity to the arm in the direction Hnh. 

Let the velocity of the point n be forty feet per se- 
cond : The centrifugal force increasing as the sqiuure 
of the velocity, the pressure of the water in the arm^ 
from this force at the point n, will now be equal tOr 
the weight of a column of water twenty-five feet in 
height ; this added to the pressure from the uprighit 
tube gives the impeUing power, or the relief from pros* 
sure, at the point f», equal to forty-one. But the resia- 
tance will be found to have increased stUl more than 
the impelling power ; so that now they nearly balance 
one another. The velocity with which the water wiH 
now issue from the aperture, supposing the jet to be 
complete, will be 51.22 per second ; this multiplied by 
•64, the transverse section of the contracted vein, gives 
32.78 for the quantity of water that moves along the 
arm in a second of time. This quantity of water is ac-* 
celerated in the direction Hnh at the rate of forty feet 
per second ; being one-fourth more than the accelera- 
tion by the power of gravity : we must therefore in- 
crease the above quantity 82.78 in this proportion; 
which gives 40.976 for the resistance, coinciding very 
nearly with the impelling power, 41 . Hence we see 
that the resistance, from the water moving along the 
arm, increases much faster than the impelling power ; 
and that the velocity of the arm is a maximum, the 
height of the upright tube being sixteen, when the 
point n moves with the velocity of forty feet per second ; 
or generally, when the point n moves with a velocity 
one-fourth greater than that which a body would ac- ' 
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-quitfe, by gravity, in falling through the heigtit of the 
nparight tube. 

But the above mei^ly determines die greatest velo* 
elty the arm can acquire when the machine is unload* 
ed : We must not in this case even suppose ai^y Idnd 
of firiction. It is evident that it roust move slower than 
this when it is employed for any practical purpose, or 
to produce any mechanical effect. Its power to pro* 
duce such effect must be. as the difference betwixt the 
impelling power, and resistance it experiences within 
ifseff from the water in the arm, multiplied by the ve* 
kklity of the arm ; and its efficiency is the greatei^t 
ythe^ the effect produced bears the greatest proportion 
to the power expended. We shall h^re make It ieyf 
•hypothetical trials of the power and efficiency of this 
jnachine, when the arm is moving with different velor 
<itfes« 

I. 
Let the velocity of the arm, at the aperture, 

in.feet per second, be - • - 12.00 

The impelling force will then be - - 18.25 

Resistance from the water in the arm, - 8.20 

Load it is capable of raising with the velocity 

of the point it, ^ - - - 10.05 

Effect, being the load multiplied by the velo- 
. dfy of the arm at the point », - - 120.60 

Expenditure of power, or the quantity of water 

multiplied by the height through which it 

lias descended, viz. 16 feet in one second, 349.76 
Ratio of effect to expenditure, 1 : 2.9. 



11. 
Velocity of the arm, at the aperture, in feet 
per second, ^ - - - ^ 
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Impelliiig foroe, . . » 19.06 

Resistance from the water in the arm, - - 9.78 
Load which it is capable of raising with the 

velocity of the point », • • . 9.26 

Effect, . ^ ^ . . 129.92 

Expenditore of power, « . . 357.60 
Ratio of effect to expenditure, 1 : 2.76. 

III. 
Velocity of the arm, at the aperture, in feet 

per second, « . . . . 16.00 

Impelling force, .... 20.00 

Resistance from the water in the arm, • 11.14 
Load which it is capable of raising with the 

velocity of the point n, - ^ - 8.55 

Effect, •. -» ^ ^ ^ 136^86 

Expenditure of power, .... 3S&.27 

Ratio of effect to expenditure, 1 : 2.67 ; being then a 
maximum. Velocity with which the water mores back- 
ward, in this case, on leaving the machine, 19.77 feet 
per second. Power of ditto, 33. 

IV. 
Velocity of the arm, at the aperture, in feet 

per second, . . • . . 20.00 

Impelling force, .... 22.25 

Resistance from the water in the arm, - 15.09 

]Lioad which it is capable of raising with the 

velocity of the point 91, - - - 7.16 

Effect, . ^ ^ , . 143.20 

^Expenditure of power, - - • 386.33 

Ratio of effect to expenditure, 1 : 2^7, 
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^ V. 

Velocity of the arm, at the aperture, in feet 




per second, ----- 


22.00 


Impelling force, - . . - 


23.5i5 


Resistance from the water in the arm, 


17.0G 


Load Tfhich it is capable of raising with the 




velocity of the point n, - - _ 


6.40 


Effect, . . - - . 


142.78 


Expenditure of power, - * 


397.00 


Ratio of effect to expenditore, 1 : 2.78, 




VI. 




Velocity of the arm, at the aperture, in feet 




per second, . - - - - 


24.00 


Impelling force, . - - . 


2.'i.00 


Resistance from the water in the arm, 


19.20 


Load which it is capable of raising with the 




Telocity of the point n. - . - 


5.80 


Effect, 


139.20 


Expenditm-e of power. 


409.60 


Ratio of effect to expenditure, 1 : 2.94. 




VII. 








per second, - - - - - 


32.00 


Impelling force, . - - - 


32.00 


Resistance from the water in the arm. 


28.99 


Load which it is capable of raising with the 




velocity of the point n, - - - 


3.01 


Effect, ----- 


96.32 


Expenditore of power, 


463.84 ,^ 


Ratio of effect to expenditure, 1 : 4.87. 


mI 


From these trials it appears, that this machine is ^| 


working to the greatest advantage when that 


part of ^H 



J 
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the arm, in which the aperture is situated, is moving 
Mdth one-half th^ velocity which a body would a«o 
quire,, by gravity, in falling through the height of the 
upright tube. As in the undershot wheel, howevervso 
it is here : a considerable latitude may be used with 
respect to the velocity, without greatly diminishing the 
effect. In a machine of the above proportions, any 
velocity, from twelve to twenty-four feet per second, 
may be employed without diminishing the effect much 
more than one- tenth. It is the load that regulates* the 
velocity, by retarding the motion ; and it appears, 
likewise, from the above trials, that to produce the 
greatest effect, the load should be little more than 
one-half of that with which it can just move from a 
state of Test. It also appears from these trials^ thatt 
at the maximum, the effect is to the power exp^ided 
as 10. to 36.7. This gives the eflbct consideraU[]r 
greater tlian has been determined by some mathema- 
ticians, whilst it is much less than what has been aa- 
signed to it by others. Mr Playfhir, in his ^* Outlines 
of Natural Philosophy," makes the effect of this ma- 
chine equal to the momentum of the water expended ; 
so that it should, if there was no power lost by friction, 
raise up the whole of the water to the height from 
which it fell, and in the same time. " It is therefore,'* 
says he ^' the most advantageous application of water 
that is known." But he observes, that in practice,' 
the result will fall much short of this theory, on ac» 
count of the greatness of the friction. The friction, 
no doubt, is very considerable, from the great weight 
of water that must be continually in tiie upright tube 
and arms at a time. This must always be much greater 
than the load upon an overshot wheel of the same 
height, and where the expenditure of water in a given 
time is the same; and the diminution of effect from 
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this rauae, will be the greater, as the arms are shorter, 
the weight of water in the machine heing the same ; 
for it mast then makfi a crater number of revolutions 
in S given time. But, on the other hand, the friction 
of a machine moving horizontally on a vertical pivot, 
is always less than that of one moving vertically on an 
horizontal axle. In the latter case, the axle retjuires 
to be thicker, and the whole weight turns upon its 
circumference ; but on a vertical pivot the weight 
turns, as much on the centre as the circumference, 
which greatly lessens the friction. Besides, there is 
one circumstance attending this machine, which, in 
practice, makes the effect greater than it is by theory ; 
or rather, there is a favourable circumstance attend- 
ing this machine which we have omitted in the above 
theory ; for theory, if it if* perfect, must always agree 
with practice, It has been found by experiment, * 
that in making an aperture near the bottom of a vessel 
filled with water, the relief from pressure on that side 
is greater than what is due to the mere area of the aper- 
ture. This would appear to be owing to the pressure 
of the water, on the parts immediately aronnd the 
aperture, not being so complete as if the aperture were 
shut. This, when applied to the machine in question, 
in the first place, increases the impelling power ; and, 
secondly, hy reducing the velocity of the water from 
"the aperture, it diminishes the quantity continually 
vioving along the arm ; and consequently it lessens 
"the internal resistance of the machine. This should, 
in a great measure, counterbalance the friction: yet 
we do not find, in practice, that this machine can re- 
tarn near the whole of the water expended. The 
«ffect, ill one instance, has been found f to be to the 
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power expended, nearly as 10 to 31.7 : the theory we 
have advanced makes it an 10 to 26.7. In a number of 
trials, it wum found that the effect was a raaximom, 
when the load was jast one-half of that with whicb it 
could just move from a state of rest ; and the velocity 
of the arms, at the aperture, one-half of that which a 
body would acquire, by gravity, in falling through the 
height of the upright tube : in both these respects, 
agreeing very nearly with our theory. The effifiency of 
this machine, in practice, will be found at least equal to 
that of an undershot wheel — that is to say, a wheel act- 
ing by impulition, or on pure undershot principles — but 
must be greatly inferior to an overshot wheel, or an 
undershot, acting, as we have observed these wheels 
are unually made to do, upon the overshot principle. 
Mr Playfair differs, likewise, greatly from our theory, 
in regard to the velocity with which he suppottes this 
machine should move. " When the machine is work- 
ing to the greatest advantage," says he "the velocity 
with which the water issues, is equal to that with which 
it is carried horizontally in an opposite direction ; so 
that, on coming out, it falls perpendicularly down."- 
If this theory of Mr Playfair's were correct, in the 
above case, when the effect was a maximum, the velo- 
city should have been nearly 35.8 feet per second, in- 
stead of 16, as we have found it both by theory and 
experiment. 

The above proportions, which we have assigned to 
this machine, must no doubt appear strange, or even 
ridiculous: arms, thirty- two feet in length, would be 
quite cumbrous in use, and almost impracticable in 
construction. But we by no means propose such pro- 
portions in practice: we merely adopted these num- 
bers, sixteen feet for the upright tube, and thirty-two 
for the length of the «rms, us being the most conven- 
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lent for elncidatiDg the subject, coincidiDg with the 
effects produced hy gravity, in a second of time. But 
the effect will be the same whether the arms are short 
or long : If the quantity of water in the arms ia less, 
by the arms being shortened, the centrifugal force of 
any giren quantity of water will be proportionally in- 
creased BO long as the velocity of their extremities is 
the same ; for it is a well known property of circular 
motioQ, that the angular velocity being the same, the 
centrifugal force is increased in proportion as the radius 
of the circle is diminished ; consequently, cwferis pari- 
bus, the whole centrifugal force of the water in an arm 
of three feet in length will be same as in one of thirty- 
two feet. And, again, the internal resistance of the 
woter in the arm will be the same ; for the same quan- 
tity of water passes along it, and has communicated to 
it the same angular velocity in the same time. 

Upon the whole, we see that water will produce very 
different effects, as it is applied to one or other of these 
different kinds of machines ; and that where it is re- 
quired that the power employed should produce the 
greatest effect, the overshot wheel, or the wheel acting 
OB the overshot principle, is always to be preferred. 
We see, too, that in each of them the effect bears al- 
ways a certain proportion to the height through which 
the water descends; varying always directly as that 
height. This is well known to every, even the rudest, 
practical engineer, who, when he once knows the effect 
that a machine will produce with a given quantity of 
water descending from a given height, can at once, by 
this simple rule, determine that, with a double or quad- 
ruple height, and a machine of the same kind, suited 
to that height, it will, ceeleris paribtia, produce a 
double or quadruple effect. This corresponds perfectly 
with that measure of power Mliich we adopted in re- 
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gard to solid bodies, viz. the square of the velocity^ 
which is always directly as the perpendicular height 
through which a body falls in free space. 

WINDMILLS. 

The mode of application of air to the moving of ma- 
chinery differs very considerably from that of water. It 
is commonly applied to an oblique surface, which it 
causes to move round vertically at right angles to the 
direction of the air itself. This certainly does not at 
first sight appear to be the most natural way of apply- 
ing any moving power. Accordingly, many attempts 
have been made with horizontal moving machines to 
obtain a more direct motion ; and it is said that these 
machines are actually in use in some parts of the world ; 
but it has never been found practicable to give them any 
thing like the power or eflBciency of the vertical kind, 
^meaton is perhaps not far from the truth, when he 
reckons the vertical witidmill to be eight or ten times 
more powerful than the horizontal. 

Smeaton, in accounting for the great superiority of* 
the vertical mill over the horizontal, attempts to de- 
monstrate, that there is no power lost by the wind act- 
ing obliquely on the sails — ^^ That all sails, however 
situated, that intercept the same section of the windy 
and having the same relative velocity in regard to the 
windy when reduced into the iame direction, have equal 
powers to produce mechanical effects.' ' His demon- 
stration is as follows : 

" In Fig. 3. * , let AB be the section of a plane, upon 
which let the wind blow in the direction CD, with such 
a velocity as to describe a given space BE, in a given 

• Experimental Enquiry, page 64. 
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time (suppose one second) ; and let AB be mored pa- 
rallel to itself, in the direction CD. Now, if the plane 
AB moves with the same velocity as the wind — that is, 
If the point B moves through the space BE in the 
same time that a particle of air would move through 
the same space — it is plain, that, in this case, there 
can be no pressure or impulse of the wind upon the 
plane ; but if the plane moves slower than the wind, 
in the same direction, so that the point B may move to 
F, while a particle of air, setting out from B at the 
Bame instant, would move to E, then BF will express 
the velocity of the plane; and the relative velocity ofthe 
wind and plane will be expressed by the line FE, Let 
the ratio of FE to BE be given (suppose 2:3); let the 
Bne AB represent the impulse of the wind upon the 
plane AB, when acting with its whole velocity BE; 
but, when acting with its relative velocity FE, let its 
impulse be denoted hy some aliquot part of AB, as, for 
instance, four-ninths AB ; then will four-ninths ofthe 
parallelogram AF represent the mechanical power of 
the plane — that is, gABf. jBE. 

" 2dlff, Let IN be the section of a plane, inclined in 
such a manner, that the base IK of the rectangle tri- 
angle IKN may be equal to AB ; and the perpendicu- 
lar NK=BE ; let the plane IN be struck by the wind 
in the direction LM, perpendicular to IK: then, ac- 
cording to the known rules of oblique forces, the im- 
pulse of the wind upon the plane IN tending to move 
it according to the direction LM, or NK, will be de- 
Qoted by the base IK ; and that part of the impulse, 
tending to move it according to the direction IK, will 
be expressed by the perpendicular NK. Let the plane 
IN be moveable in the direction of IK only ; that is, 
the point I in the direction of IK, and the point N 
^e direction NQ, parallel thereto. Now, it \h 
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evident 9 that if the point I moves through the line IK, 
while a particle of air, setting forwards at the same 
time from the point N, moves through the line NK, 
they will both arrive at the point K at the same time ; 
and, consequently, in this case also, there can be no 
pressure or impulse of the particle of the air upon the 
plane IN. Now, let 10 be to IK as BF to BE ; and 
let the plane IN move at such a rate, that the point I 
may arrive at O, and acquire the position OQ, in the 
same time that a particle of wind would move through 
the space NK : as OQ is parallel to IN, (by the pro- 
perties of similar triangles), it will cut NK in the point 
P, in such a manner, that NP=BF, and PK=FE : 
Hence it appears, that the plane IN, by acquiring the 
position OQ, withdraws itself from the action of the 
wind, by the same space NP, that the plane AB does 
by acquiring the position FG ; and, consequently, from 
the equality of PK to FE, the relative impulse of the 
wind PK, upon the plane OQ, will be equal to the re- 
lative impulse of the wind FE, upon the plane FG: 
and since the impulse of the wind upon AB, with the 
relative velocity FE, in the direction BE, is representi- 
ed by four-ninths AB, the relative impulse of the 
wind upon the plane IN, in the direction NK, will in 
like manner be represented by four-ninths IK ; and the 
impulse of the wind upon the plane IN, with the rela- 
tive velocity PK, in the direction IK, Irill be repre- 
sented by four-ninths NK ; and, consequently, the me- 
chanical power of the plane IN, in the direction IK, 
will be four-ninths the parallelogram IQ : that is, 
JIKXqNK: that is, from the equality of IK=AB and 
NK=BE, we shall have |IQ=}AB x jBE^JAB X iBE= J 
of the area of the parallelogram AF. Hence we de- 
duce thi^ 
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" GENERAL PROPOSITION, 

" That all planes, however siliia/ed, that intercept 
ike earne section of the wind, and having the same re- 
lative velocity, in regard to the voind, vrhen reduced 
into the same direction, have equal powers to produce 
mechanical effeclit. 

" For what in lost by the obligiti/y of the impulse, is 
gained by the velocity of the motion," 



All this would do very well if Mr Smeaton had first 
Bhown, that the wind strikes with the namo force upon 
the obliqne plane IN when at rest, that it does on the 
plane AB ; bnt this he has most unaccountahly over- 
looked. In the above case, it is not the obliquity of 
impulse that is counterbalanced by the greater velocity ; 
it is the smallness of the proportional tendency of the 
force with which it is struck to move the plane in the 
direction IK, that is compensated by the greater velo- 
city in that direction. But the absolnte force of the 
wind upon IN never can be so great as that upon AB, 
though it may be brought infinitely near to it, by in- 
finitely reducing NK. 

From this, then, we should be led to conclude, that 
the more we reduce NK the greater should be the effect. 
If there was no friction, and the edge of the sail or 
vane was infinitely thin, the effect would certainly be 
the greatest when NK is infinitely reduced ; but this in 
practice very soon has limits, owing to the friction, and 
the resistance of the air to the sides of the vanes, j 
Friction is nearly a constant quantity ; thrt is to say, ' 
constantly the same to a body passing over the same J 
space: Therefore, if NK is reduced, the friction, con- 
tinuing the same, will bear a greater proportion to it ; 1 
and the velocity ui the direction IK being proportion- 
ally increased, the resistance of the air to the edge of 
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the wind : that is to say, when the plane IN assamef 
the position OQ, in the time that a particle of air 
moves through the space NE ; 10 being one-third of 
IE. This is confirmed by Smeaton's experiments, in 
which it appears that the velocity of the sails at a 
maximum, was nearly one-third of that when the ma- 
chine was unloaded, when it might be supposed to be 
moving with nearly the whole velocity of the wind : 
that is to say, when the point I would move through 
the space IE, in the time that a particle of air would 
move through the space NE. # This would make thd 
efficiency of a vane of the horizontal mill, compared 
with one of the vertical, as one-half to eight twenty- 
sevenths. 

But, on the other hand, this is much more than 
counterbalanced by another circumstance necessarily 
attending the horizontal vane, viz. that there is only 
an infinitely small part of it whose velocity can be ad- 
justed so as to produce a maximum effect. For in- 
stance, if we suppose the vane to extend from the axis, 
or centre of motion, and that, at half way from the 
axis to the extremity, it moves with half the velocity 
of the wind ; that part, or the middle of the vane, will 
then be moving so as to produce a maximum effect : 
but then the extremity will be moving with the whole 

* When we say, that the velocity of the sails should thus bear a certain 
ratio to that of the wind, this may seem to imply, that the velocity of tibe 
sails should always vary with that of the wind ; which wonld be very nn- 
snitable in practice. Mills commonly being required to move at some 
certain rate^ according to the purpose to which they may be applied. 
The above can only be meant for some moderate rate of wind, which re- 
quires the most advantageous position of the sails ; for in higher winds the 
greatest effect is never required. But it is not enough that the sails are 
put in the most advantageous position : it is evident, that unless the load 
is properly adjusted to the power, or the power to the load, the sails will 
not move with that velocity which will produce the greatest e£fect. 



fc'Of MECHANICAL PHILOSOPHY. 



5^ 



Velocity of the wiad ; and, of course, the wind can hare 
no effect upon that part. Again, next the axu the 
*ind will be atriking with its whole velocity ; but there 
the Telocity of the vane is nothing; and, consequently, 
that part likewise can be producing no effect. So that 
from the middle of the vane, both outward and inward, 
to both extremities, the power decreases to nothing. 
This reduces the effect about one-half. The loss of 
power, however, from this cause, ia not so great where 
the nearest side of the vane is at Kome distance from 
the axis; but still it must be very considerable, and 
seems without remedy. But in vertical mills, by ac- 
commodating the inclination of the different parts of 
the sails to their respective velocities, there is com- 
paratively little power lost in this way. If the velocity 
in the direction IK is greater towards the extremity of 
the sails, we have only to reduce NK ; and though the 
force, with which the plane is pressed in the direction 
IK, is less than at the middle of the vane, its velocity 
is greater; so that its efficiency will be nearly the 
same. Again, as the velotity of the parts towards the 
axis is less, we increase NK; so that though we lose 
in velocity in these parts, we gain in power. Hence, 
we can bring all the several parts of the vane to act 
with nearly the same efficiency ; which it is not possible 
to do in the case of an horizontal vane. Yet even in 
vertical mills the parts do not all operate with quite 
the same effect. There is only one part, rather beyond 
the middle of the vane, which we shall term the centre 
of action, to which the most advantageous inclination 
can be given ; and this can be determined only by ex- 
periment, being much affected, as above observed, by 
friction, and the resistance of the air to the sides of the 
vaues ; and the friction being altogether, and the re- 
sistance to the sides of the vanes almost, beyond the 
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reach of calculation. The incliuatiou and vdocity of 
the centre of action beinj; determined, the several in- 
clinations of the other parts come more within the 
reach of calculation. We have no choice as to the 
velocities of tlioae parts, which most necea.sarily be to 
that of the centre of action as their respective distances 
from the axis ; we can only, as to them, adapt NK to 
IK, so as to produce the greatest effect, with the given 
velocity, in the direction IK. That is to say, we must 
so proportion NK to IK, that NKmay be equal to one- 
third of the space througli which a particle of air 
moves in the time that the point 1 moves through the 
space IK : the air will then strike the plane with two- 
thirds of its velocity. From this it is evident that 
the proportion of NK to IK must always be madettH 
decrease towards the extremity of the vaneN. ^M 

A separate calculation is thus required for each B^l 
the several parts of the vane ; and, even after this is 
obtained, regard is to be had in adjusting them to one 
another, that, taken collectively, they may form a 
somewhat concave surface towards the wind ; though 
this will require a twisting that will be to the disad- 
vantage of some of the parts taken Keparately. It is 
not enough that the parts taken separately have each 
the most advantageous inclination, unless their form 
is likewise the best when taken as a whole. If, when 
put together, they make a convex surface, it is evident 
that the wind, which moves off alike in every direc- 
tion, according to the inclination of the surface which 
it strikes, will lose the advantage of the beat inclina- 
tion in one direction by a wrong inclinatiun in another. 
The inclinations of the parts should be so adjusted 
one another as to make the general surface present* 
to the wind somewhat concave. 

From all thiii, we see the absurdity of those i 
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laid down by certain mathematicians, who have deter- 
mined that the inclination of every part of a vane, and 
under all circamstances, should be the same, viz. 35 
deg. to the plane of its motion ; and which Smeatoae I 
found to be the most disadvantagftous of all the angles i 
be tried. We see, too, that to obtain with rigorous ] 
exactness the best form of these vanes forms a very in- 
tricate question ; but it fortunately happens here, as 
in water-mills, that a small delation from the very I 
best form does not produce any considerable diminu'^ I 
tion of efficiency. 

There is another circumstance which we have n(A I 
yet adverted to, that, in practice, gives the vertical, 1 
mill a great advantage over the horizontal; viz. its 1 
superior steadiness, in consequence of the greater ve- 
locity of the vanes. One of the greatest objections t» \ 
windmills in general, is their want of steadiness ; 
whatever, therefore, can obviate this defect, must be J 
of the greatest consequence. The velocity of thft 1 
vanes of the vertical mill, when acting to the greatest 
advantage, may be reckoned three times that of the 
horizontal ; its steadiness, or its tendency to persevera 1 
daring any relaxation of the pressure of the wind, or. 
its power to overcome any temporary increase of re- 
sistance, being as the square of the velocity, will there- 
fore be nine times greater than that of the other. But 
the greatest of all the objections to the horizontal mill 
is, the difficulty of bringing back the sails or vane* 
against the wind ; and the circumstance, that only one 
vane can be made to act with any sort of efficiency at 
a time ; whilst, in the vertical kind, four or five vane» ' 
go on continually operating with their full power. 
When to these we add the other disadvantages already 
mentioned, we must certainly agree with -Smeaton, 
when he estimates the power of the vertical mill at 
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eight or ten timps that of the horizontal. How erro- 
neous, then, must be the ideo-H of some of our scieutifia 
men, who are still urging horizontal mills upon Uqci 
serious attention of the world. 

It may be expected that we should here make soi 
observations on the absolute efifect of windmiUa. 

There is a very considerable difference betwixt 
impulsion of an uncompressed or unconfined coli 
of fluid acting against a resisting surface, such a^ a 
colnmn of water upon the floatboard of an undershot 
wheel, where, after the impulse, the water has full 
room to escape on every side, and that of a column of 
compressed fluid, such as a column of air intercepted 
by the sail of a windmill. In the former case, the 
fluid strikes with a force according to the angle which 
the resisting surface actually presents to it. if the 
surface stands at right angles to the direction of the 
water, the water strikes it at right angles ; or if the 
surface stands at any given angle of inclination, the 
water will strike it with a force according to the sine 
of that angle. But it is not so with the air. After the 
particles of the air have struck the surface, they are 
prevented by the snrrounding fluid from flying off 
immediately from before it— they are arrested in a 
certain degree before it — and thereby prevent the 
succeeding particles from striking it perpendicularly, 
though the surface may be standing at right angles to 
the direction of their motion. This is found to have 
the same effect in deflecting the fluid as if the resist- 
ing surface itself had a certain degree of ronndness. 
The particles of air at the middle of the plane being 
the longest in making their escape from before it, gives 
the resisting surface virtually a rounded form. The force 
of impulsion is thereby very much reduced ; so that it 
is found by experiment to be less than it would be 
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the air actually struck the surtuce at right angles, in 
the ratio of 3.91 to 5.3S. When the resisting surface 
ia inclined to the direction of the fluid, the force of 
impulsion is less affected by this catise : The fluid, after 
having struck the surface, being in that case less ar« 
rested upon it, in the ratio of the sine of incidence tt 
radius. The force of impulsion is to be calculated first 
as if the angle of the resisting surface was the real i 
Angle, and then 8 deduction made from it in proportion 
to the resistance tha<^ foand, in a ratio as the sine of | 
incidence to radius ; the deduction at 90 deg, being bm 
1.47 to 5.33.* 

Mathematicians have supposed (though erroneously,) 
that an undershot water-wheel is acted upon on the 
principle of a surface moving continually onward ia . 
the direction of the water, which overtakes it with a 
relative velocity ; and,accordingly, they have supposed, 
that both the quantity and force of the water striking 
it are as this relative velocity, and consequently have 
determined the effect of the water to be eight twenty* 
sevenths of the power expended. This is really the 
principle on which the wind acts on the sails of a ver- 
tical windmill ; only with this difference, as observed 
above, that a column of air, on account of itfl being 
confined by the surrounding tlnid, acts with less force 
than an unconhned column of water of equal momeu' 
turn, in the ratio of 3.91 to 5.38. The eflBciency of a 
vertical sail is likewise subject to a farther small dimi- 
nution on account of its obliquity ; after both these de- 
ductions are made, the total effect, instead of eight 
twenty-sevenths, will be somewhat less than one-fifth 
of the power expended. That is to say, the effect pro- 
duced by each sail in a given time will be somewh^ ' 
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less than one-fifth of the momentam of the column of 
air intercepted by it : the transverse section of the co« 
Inmn being computed by the surface which the sail 
presents to the wind, measured in a direction at right 
angles to that of the wind ; and the length of the oo- 
lum by its velocity, or the space it passes over in that 
time. This is the greatest effect it can produce ac- 
cording to theory, without any allowance f<nr either 
friction or the resistance of the air to the sides of the 
vanes ; but, in practice, a considerable allowance murt 
be made for both of these. 



SEAMANSHIP. 

By far the most extensive use to which wind is i^* 
plied is the communicating motion to ships. The 
theory of the application of it to this purpose is much 
more complicated than to mills. The number and va* 
riety of form of the sails are greater ; and the surfinoe 
of these sails not being planes, it is difficult to deters 
mine the position of their surfaces. In the case of 
windmills the resistance is nearly constant or uniform, 
or at least it is supposed to be so ; but here the resis* 
tance increases with the velocity of the ship : hence 
the subject involves likewise the Resistance of Fluids. 
This resistance of the water to the hull of the ship de- 
pends much on its form and dimensions, which are 
hardly the same in any two ships. When to all tluui 
we add the difference betwixt the required course and 
th^ direction of the wind, and the lee- way hence aris-> 
ing, there is little room left for the philosopher or the 
mathematician entertaining sanguine ideas of being 
able to form rules, that can be of much use to the sea^ 
man to direct him in his practice. 

Yet a knowledge of the theory of the percussion and 
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reHiBtance of fluids in general, ranst be highly usefal 
both to the shipbuilder and the seaman : It must be 
desirable for them to know the rea,^on of the several 
forms and positipiia of the difl'erent parts of the ship ; 
and the way in which changes in these forma and posi- 
tions produce their different effects. This both facili- 
tates the acquisition of knowledge in the course o£ 
their practice, and causes that knowledge to make a 
more lasting impression on the mind. 



THE RESISTANCE OF FLUIDS. 

By the resistance of fluids, we understand that re- 
sistance which a body experiences in moving through 
a fluid. This forma a still more intricate subject than 
the percussion of u fluid against a body not immersed 
in it. In the latter case, we generally have a pretty 
correct knowledge both of the quantity of the acting 
flnid, and the direction of its action. But it ia very 
diflerent in the resistance of fluids. When a body in 
moving through a fluid, it displaces not merely the 
particles that lie directly in the path of its motion ; 
these must likewise displace, in a certain degree, those 
that lie contiguous to them ; and these latter, agaiUf 
those that lie beyond them ; so that the motion becomes 
ultimately very diff'use. 

The opinions of philosophers on this subject are atill 
very unsettled, generally differing from one another ; 
many of them inconsistent even with themselves, and 
almost all of them disagreeing with experiment. 

Sir Isaac Newton, in his " Principles of Natural Phi- 
losophy," B. II., Prop. 35, puts an imaginary case of a 
discontinued fluid, or a fluid the particles of which are 
freely disposed at equal distances from one another. 
He first puts the case of these particles being perfectly 
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elastic ; and he determines the resistance which ft 
cylinder of the name density experiences in moving 
through such a fluid, to be equal to the force by which 
its whole motion mny be either geaernted or destroyed 
in the time that it describes one-half its length. He 
puts another case, in which he supposes other cir- 
oomstances to be the same, but the particles to be 
non-elastic, or not to be reflected. In this case, the 
resistance is but half as jE^eat as in the former : this 
resistance is, in other words, equal to the weight of a 
column of the fluid whose transverse section is cqnal 
to that of the cylinder, and whose length is double the 
height due to the velocity. All this is in perfect confor- 
mity with our preceding theory. But, again. Book II., 
Prop. 37, he determines the resistance of a compressed, 
infinite, and non-elastic fluid to he but one-fonr(h part 
of this latter resistance, or the eighth part of the for- 
mer. Now, the resistance of the air with regard to 
slow motions, such as ten or twelve feet per second, 
certainly comes very near to this last case ; for although 
the air may be perfectly elastic, yet, from its continu- 
ity, that elasticity has no power to exert itself, having 
no room to rebound from the moving body. It may 
therefore be considered, with regard to its resistance, 
as non-elastic ; and from its instantly tilling up the 
space behind bodies moving with those slow motions, 
it may be regarded as perfectly compressed and con- 
tinuous. But experiment proves that the resistance of 
the air, even in these slow motions, to a thin board, is 
nearly three times greater than Newton has thus de- 
termined for a compressed, infinite, and non-elastic 
flnid ; or very nearly equal to three -fourths of what he 
lias assigned for a fluid unelastic and dLscontinued ; or it 
is nearly equal to three-fourths of the force of a column 
equal to that displaced by the moving body, acting 
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perpendicularly against a fixed plane, where it has full 
room to escape on every side after collision. 

Some authors have objected to those who complain/ 
that they have not found the theory of Newton to 
agree with experiment, that they do not m»ke allowancd 
for the air not being sufficiently compressed to fill up 
instantly the space behind the body. But this ple» 
will not hold good as to these very slow motions ; and 
with regard to very high velocities, where the comprea-i 
sion is really not sufficient instantly to fill up the va- 
cuum that is always forming behind, it has been found 
that the disagreement betwixt experiment and the 
theory of Newton is still much greater than we havtf 
observed above. The Newtonian theory of the resisr ' 
tance of fluids is certainly a complete failure, and not I 
to be supported. The name of Newton has solid ground f 
enough on which to stand, without being bolstered ap ' 
on that which is hollow and unsound. 

AU fluids, like other bodies, are inert ; aU fluids ars 
more or less continuous and compressed ; all fluids arft { 
in a certain degree elastic, though their elastic powei^ ' 
in as far as respects their resistance, may be counterjf j 
acted by their compression and continuity. A body 
moving through a fluid must be affected by all thes4 ' 
circumstances, which together constitute tlie resistance ^ 
of the fluid ; and before we can understand the true ■ 
nature of that resistance, we must analyse it, or sepa^ 
rate it into its component parts. There is no other | 
way by which we can attain to accuracy in this, or i 
deed in any other subject. ' 

When the solid body which moves through the fluid 
has a plain front, and moves forward in a right lins 
perpendicular to its plane, the particles struck by th» 
front are prevented by the continuity of the fluid from 
flying off immediately from before it, and are in som? 
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degree carried forward by it. This haw (he same effecf! 
upon the succeeding particles as if the fvoiit of the body 
were convex : It causes them to more off to the aidopr 
with a somewhat circular motion, instead of stril 
the front perpendicularly, and consequently very mm 
dimiuishps their effect. Hut, on tlie other hand, 
resistance of the particles, that lie immediately in 
path of the body, does not constitute the whole of 
resistance. In pressing these aside, they press other* 
that lie next to them ; these, again, others that lie be- 
yond them, and so forth ; and the motion communi- 
cated to all these must augment the sura of resistance, 
ft oppears by experiment that the augmentation of re- 
sistance in this way in a considi'rable degree counter- 
balances the diminution of it, by the obliquity of the 
knpulse of those particles that lie directly in the path 
of the body's motion. As we formerly observed, the 
resistance to a thin board moving through the air, and 
standing at right angles to the path of its motion, is 
nearly equal to three-fourths of the force of a coli 
equal to that displaced by the board, and striking 
pendicularly against a fixed plane. 

It is not with bodies of every form, however, that the" 
resistance is so great, even ttiough the form of their 
front should be the same. If we make the same experi- 
ment upon the end of a long box of similar dimensioi 
and moving in the direction of its length, we find 
resistance considerably less ; and the reason of tl 
difference is this : In the case of a thin board, the par- 
ticles of ail" next the edge of it fall immediately into 
the vacuum that is always forming behind it, thereby 
making room for the particles, after striking the front 
of it, to recede more immediately from before, and to 
allow the succeeding particles to strike more perpen^ 
diculariy, and consequently with greater effect. Bi 
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5n the case of a long box, the racuum that is lormtug 
behind it is at a much greater distance from the striklug 
surface, or the fore end of the box ; the motion of the 
surrounding fluid towards the vacuum at that distance 
is more diffuse and slower ; the recession of the parti- 
cles from before is more interrupted ; the succeeding 
particles are deflected with greater obliquity ; they con- 
sequently act with less force against the end of the box 
than if it were a thin board. Even the form of the hind 
eud has a considerable effect in this way. 

Here, again, experiment shows the erroneouaness of 
the ideas of Newton on this subject. In Hook 11., 
Jiemma 4., he assumes the resistance in both these 
cases to be the same: " If a cylinder," says he, "move 
uniformly forward in the direction of its length, the 
resistance made thereto is not at all changed by aug- 
menting or diminishing that length, and is therefore the 
same with the resistance of a circle, described with the 
«ame diameter, and moving forward with the same ve- 
locity in the direction of a right line perpendicular to 
its plane ; 

" For the sides are not at all opposed to the motion ; 
and a cylinder becomes a circle when its length is di< 
minished in infinitum." 

Now, experiment shows, that the resiatance to a thin 
board of a foot square is to the resistance to the end of 
a box, of the form and dimensions of a cube of 1 foot, 
ait 391 to 322 ; and to a longer box, but with its end of 
the same dimensions, the difference is still greater. 

Philosophers, in their opinions on these subjects, are 
not only at variance with experiments and with one 
another ; but we sometimes find the strangest incon- 
grnittes in the works of the same author. What, for 
can we think of the following pojiaage of 
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Hntton's, when we compare it with his own statement 
of some experiments, which follows, in the coarse of a 
few pages after, in the same work ? ^^ In the disconr 
tinned flnid, first described,'- says he, ** the obliquity 
of the foremost surface of the moving body would dimL' 
nish the resistance ; but the same thing does not h(dd 
true in compressed fluids, at least not in any con- 
siderable degree; for the chief resistance in compress- 
ed fluids arises from the greater or the less facility with 
which the fluid, impelled by the fore part of the body» 
can cii'culate towards the hinder part ; and this being 
little, if at all, affSscted by the form of the moving 
body, whether it be cylindrical, conical, or sphdrical^ 
it follows, that while the transverse section of the body 
is the same, and consequently the quantity of impelled 
fluid also, the change of figure in the body will scarcely 
affect the quantity of its resistance/* * Yet, notwith- 
standing this, only four pages after, he gives us the fol* 
lowing as the experimented resistances of the air, which 
is certainly i^ copipressed fluid, to bodies of these diffe^ 
rent forms, having their tranverse sections quite the 
same, and all moving with the same velocity of four 
feet per second ; viz. a cone, with the vertex foremost, 
.048 oz. ; ditto, with the base foremost, .109 oz. ; a cy- 
linder, .09 oz. ; a whole globe, .047 oz. Such glaring 
inconsistency as this, shows a perfect trifling with the 
subject. 

The continuity of a fluid always lessens its resistance, 
by retarding the recession of the particles from the 
fore end of the moving body, and thereby giving it vir- 
tually a rounded form. The compression of a fluid 
never lessons the resistance ; but, on the contrary, often 

* 

* Mathematical Dictionary — Article, Resistance ot Fu^s. 
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forma a distinct part of it. Where the compressioD is 
infinite, or even so great as instantly to fill up the va- 
canm behind the moving body, it then presses alike in 
every direction, and consequently produces no effect. 
The resistance of a fluid, where the compression falls 
short of this, may be divided into two parts : First, 
that which arues from its inertia, of which we have 
hitherto been treating, and which is regulated entirely 
by the real or virtual form of the fore end of the mo- 
ving body. By the virtual furm, we mean that dis- 
position which the body posseses of deflecting the par- 
ticles of the fluid from the path of its motion ; and this, 
■we have seen, depends not only on the actual form of 
the fore end, but likewise on whatever causes it to carry 
forward the fluid before it ; and this, again, depends 
partly on the length of the i)ody, and the form of its 
hind end, by afi'ecf iiig the reccHsioa of the particles from 
before, which has the same effect iu deflecting the suc- 
ceeding particles as if the fore end of the body itself 
possessed a certain degree of roundness. 

The other part of the resistance arises from the 
compression of the fluid ; and this is quite independent 
of its inertia. If a body is immersed in a fluid without 
motion, it will be pressed by the fluid equally on every 
side ; and the pressure will be as the density of the fluid, 
and the depth to which the body is immersed in it. 
If a certain degree of velocity is communicated to the 
body, but the velocity not so great but that the horizon- 
tal motion of the fluid following after it, arising from 
its compression, shall instantly fill up the space left by 
the moving body, the weight of the superincumbent 
fluid will still cause that part of the fluid, which has ' 
filled up the space behind, to press upon the hind end 
f VJtli nearly, but not quite, the same force i 
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as if it were at rest. # But if the compresiAoti otttik 
fluid is not sufficient to fill up the space behind the 
body, bat leases either a perfect or a plurtial yaemun^ 
the fore end will then be pressed with a force which is 
not counterbalanced behind. If the bodj is moving 
at the surface of the fluid, as a ship on the water, how- 
eyer slow the motion of the vessel may be, the fluid 
will not rise so high on the hind end as on tibie twe. 
This pressure upon the fore end of the vessel,' which 
is not counterbalanced behind, may be compared to 
that against a lock by which the water is dammed up 
in a canal to a higher level. The pressure of the water 
against the lock in the longitudinal direction of the 
canal, does not at all depend on the form of the loek, 
whether that be plain or convex, but is directly as the 
width of the lock measured straight across the canal* 
The pressure against any part of the lock is as the depth 
of that part from the higher surface of the water ; and 
the totid pressure against the lock is as its width, and 
the square of the height of the surface of the water in 
the higher level above the lower ; but without any re-» 
gard to the form of the lock:t ^ the resistance to a 
ship in the water, in as far as it arises from compres- 
sion, is no way affected by the form of its fore end. 

In the case of a body moving through the air, at 
least in the lower part of the atmosphere, the velocity 
must be very great before a vacuum can be formed be- 
hind it. Accordingly, in this case, it has been alleged 
that the resistance increases at a very rapid rate; or 

* The vacmtm is filled up, not only from tiie sides and from below, but 
Hkewise from above ; this must detract from the pressure of the superkit 
cumbent fluid. 

t The form of these locks is commonly convex towards the hUiier level ; 
1>ut they are made thus with a view to strengthen the lock— n^to lesset^ 
the pressure against it. 
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even almost iostaiitif , in those high velocities, when ox 1 
racaam is supposed to take place. But we cannot se», \ 
how the resistance should increase so very rapidly, e 
the great elasticity of the air nmst coutinue to SU up 
the space behind with air of a decreasing density long 
after a disposition to a vacuum begins. 

But the resistance from compression, though not at 
all affected by the form of the fore end, is very much 
affected by that of the hind end of the moving body. 
If that body is of the form of a parallelopiped, and 
moving with a velocity greater than the compressioa 
at that depth can produce in the fluid, there must be 
a vacuum formed behind it. But if, instead of the 
body being a parallelopiped, its hind end is of a con- 
veipng form, or consists of a long tapering tail as it 
moves along, the fluid will have more time to close 
in upon it from the sides; and, in proportion as the 
length of the tapering part exceeds half the width at 
the broadest part, so much faster may the body move 
without leaving a vacuum in it. But if the body ia mo- 
ving at the surface of the fluid, as a ship on the water, 
the vacuum behind can never be perfectly filled up, how- 
ever slow the body may be moving, the compression at 
the very surface being nothing. Hence, experience ha» 
led to that tapering form universally given to these 
vessels ; yet however much the resistance from com- 
pression may by this means be reduced, it can never 
be altogether done away, as the surface of the water 
will be always somewhat lower behind than before. 
Unless the tapering part of the moving body is longer 
than half the width of the broadest part, it can have 
no effect at all in lessening the resistance ; for it can 
receive no impulse from the lateral pressure of the 
the flni^ as the fluid following from behiod will fill op 
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the vacdum before that from the sides can reach thif 
middle. 

From the obliquity of impulse which arises from the 
fluid being partially carried forward by the front of the 
moving body, and the consequent diminution of thai 
part of the resistance which arises from the inertia of 
the fluid, we have an easy and complete solution of the 
difficulty that has always been found in determining 
the resistance to a plain board set at different angles 
of inclination to the path of its motion ; and which 
forms one of the most ixiiportant problems in the resist 
tance of fluids. 

It has fr*equently been ftssumed by mathematicians/ 
that the resistance to an inclined plane must be as the 
square of the sine of incidence ; for the force of ther 
fluid, the quantity being the satne, must be as the sine*; 
but the breadth of the column, or the quantity of the 
fluid intercepted, must be likewise as the sine; there- 
fore the whole resistance should be as the square of 
the sine. But this has not been found to agree with 
experiment. If the apparent were the real or virtual 
angle of incidence, this certainly would be the law of 
the variation of resistance. But this is not the case. 
We see that when the board is set at right angles to 
the path of its motion, the fluid does not strike it per- 
pendicularly ; so likewise when the board is inclined 
at a certain angle, the obliquity of the angle at which 
the fluid strikes it, is considerably increased by the fluid 
that is carried forward by it. The degree in which the 
fluid is carried forward by the inclined board, and the 
consequent increase of the obliquity of the imi)ulse of the 
succeeding fluid, will be as the sine of incidence. The 
resistance is to be calculated as if the angle of inclina- 
tion of the board was the real angle of incidenDe ; and 
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then a deduction made from it in proportion to the re- 
sistance thus found, in a ratio, as the sine of incidence 
to radios; the deduction at 90 deg. being as 1.47 to 
5.38. For instance, to a plain board, wet at right 
angles, or 90 deg., and moving through the air at the 
rate of twelve feet per second, the resistance, on the 
supposition of its striking the air perpendicularly, and 
that the air Ls 840 times lighter than water, should he 
5.38 oz. avoirdupoiH per square foot ; but, by experi- 
ment, it is found to be only .'t.Ol oz., making a difference 
of 1.4Toz. Let the board be set at an angle of 45 deg,, 
the resistance, on the supposition of that being the real 
angle of incidence, would be 2. 69 oz.; but from thia 
Tfe must deduct a quantity in proportion to it in a ratio 
less than that of 1.47 to 5.38 as the sine of incidence to 
radios ; this gives .515 for the quantity to be deducted ; 
and 2.69 — .515^2,175 oz. for the resistance. The re- 
sistance in this case has been found by experiment'*^ to 
be 2.14 ; the difference betwixt which and that calcu- 
lated by the above rule, is quite inconsiderable. Again, 
the resistance to thesame board, moving at the same rate 
of twelve feet per second, and set at an angle of 60 deg., 
calculated by this rule is 3.076 oz. ; by experiment it 
has been found to be 3.083 oz., being likewise as near 
an agreement as can be expected in such a case ;t and 
certainly much nearer than is to be attained by those 
empirical rules laid down by mathematicians, which 
have no reference to the relation betwixt cause and 
effect ; and which have frequently been drawn from 
experiments inaccurately made. 



• Bj the BntJior. 

t A rcpetitinn of tLti same expiiriropnt on the reBistance of the air, 
thoogh maiiB^eil with the greatest care, will addom giTe exactly the 
«ttme result, owing to the constant rhanjOB that are taking place in the 
ilenEitj of the ntroospbore. 
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Button has given ns a formula* very different frond 
the ahove rule, for determiningf this question ; and he 
has likewise given us a statement of a set of experi- 
ments which seem very nearly to agree with it. Bnt 
it unPortunRtely happens that these experiments bear 
the most evident marks of inaccnracy. For instance, 
he makes the resistance to a board set at an angle of 
60 deg., compared with it set at an angle of 90 deg., 
as 729 to 840. Hut the sine of the angle, which mea- 
Aures the breadth of the column of fluid intercepted, 
is only as 727 to 8 iO ; conseqnently, he makes the force 
of the same quantity of fluid acting at an angle of 60 
deg. to be greater than when acting at 90 deg. ; which 
is evidently absurd. 

The greatest care and attention are always necessary 
in making philosophical experiments; and in few cases, 
more than in this we are treating of. This care is the 
more necessary, as people are apt to receive with un- 
douhling confidence whaterer is given to them as the 
result of experiment. As Button has not given us any 
particulars of the way in which his experiments were 
made, we cannot say how the above error may have 
occurred. He seems, however, to have used a whirling 
machine ; and we would here siiggest, that in using 
that machine, the fulcrum on which the experimental 
body turns should not be placed any where beyond the 
common centre of the machine ; for if it is, the body 
is apt to be affected by the centrifugal force ; the fef- 
fects of which become commixed with, and will be 
mistaken for, the resistance of the fluid. The arm or 
lever on which the body is fixed should turn freely on 
the common centre of the machine ; and be drawn 
forward against the air by a cord attached to the steel- 
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^ard, or whatever else is used to measure the resis- 
tance. The steelyard must not be placed immediately 
either before or behind the experimental body ; for 
thM would affect the action of the fluid. 

From the preceding views, it might at first be ex- 
pected that a plain thin board should be the form of 
body that woold suffer the greatest resistance in moving 
through a fluid. Yet this in fact is not the case : the 
resistance to the flat side of an hemisphere is conside- 
rably greater ; likewise to the base of a cone, whose 
height isnotgreater than half the diameter of the base; 
iiiso to the base of a pyramid of the same proportions. 
This most be owing to the fluid circulating more 
readily towards the hinder parts of these bodies, and, 
of coarse, making room for the succeeding fluid to strike 
the front more perpendicularly. This, indeed, is what 
we might not at first expect : yet, upon due reflection, 
we find that it is perfectly consistent with those views 
we have been taking of the subject. The converging 
or tapering part of the hind end of the body can have 
no effect in hindering the fluid from falling in from the 
sides to the vacuum behind the body, unless its length 
ia greater than half its breadth ; for if that part of the 
body were not there, its place would be filled up by 
the fluid rushing in directly from behind, which would 
reach the centre of the plain board as soon as that 
from the sides will reach the middle of the round side 
of the hemisphere, or the apex of the cone or pyramid. 
But in the case of the thin board, there Ls an eddy, or 
whirling motion in the fluid behind it, which must 
impede the influx of the fluid from the sides ; which 
eddy does not exist, or at least not in the same degree, 
with the hemisphere, the cone, or the pyramid ; con- 
sequently, the fluid from the sides falls in more readily 
behind them, and the succeeding fluid strikes more. 
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perpendicularly against their front. The resistance of 
the air to the flat side of an hemisphere, compared with 
that to a round thin board of the same diameter, haa 
been found by experiment # to be as 3.292 to 3. The 
difference between the resistance to the base of a py- 
ramid, and that to a thin square board of the same 
size, is not quite so great. 

Yet, again, the resistance to a globe is not so great 
as to the round side of an hemisphere. The continuity 
of a fluid, as we formerly observed, both increases and 
diminishes the resistance. It increases it by increasing 
the quantity of fluid put in motion ; and it diminishes it 
by retarding the receding of the fluid from the front 
of the moving body, and thereby giving an obliquity of 
impulse to the succeeding fluid. But, upon the whole, 
the diminution is greater than the increase of resis- 
tance, though the proportion of these opposite effects 
to one another, vary with the form of the moving or 
resisted body. It is owing to the greater quantity of 
matter moved that the resistance to the round side of 
an hemisphere is greater than to a globe : it draws a 
greater current after it, and causes a greater commo- 
tion in the surrounding fluid ; whilst the fluid circulates 
more quietly round the globe, and is left behind it in 
a more settled state. The resistance of the air to a 
globe, compared with that to the round side of tin 
hemisphere, has been foundf to be as 1 to 1 .44. 

It may perhaps be alleged, that as the resistance to 
the flat side of an hemisphere is greater than to a thin 
board, so the resistance to a globe should be greater 
than to the round side of an hemisphere, the compara- 
tive difference of form in both cases being the same, 
viz. in the round form of the hind part ; or at least, it 

• By the author. f Ibid. ' 
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mSylie imagined, that this should counterbalntice in the* } 
globetheincreaseof resistance, from the greater quan-' 
tity of motion communicated to the surrounding &m9- 
by the hemisphere. To tliis, it may be observed, that" ■ 
the whole collision on a globe is small, compared with- 
that on the flat side of an hemisphere ; and, conse- 
quently, that any proportional increase upon it is th»' 
less sensible ; besides, that part of a globe on which 
the resistance is the greatest, being the fore side of it,- 
is at the greatest distance from the hind side ; and, of 
course, is the less affected by the action of the fluicP 
arising from the form of the hind part. And, on the 
other hand, the resistance from the quantity of matter 
put in motion, must be much greater with the heml-/! 
sphere than the globe. 

When the body moves with great velocity througlr I 
the fluid, and where great precision is required in the/ j 
direction, as in gunnery, it is of the utmost consequeacS 
that the body be perfectly regular in its figure. As the i 
action of resistance depends much upon the figure of I 
the body, so, unless that figure is uniform on both sideir 1 
of the centre of its motion, it is impossible that the re^ I 
sistance can be uniform, or that the body can continue , : 
to move in a right line, but must be deflected to one*', 
side or other, according to the angle of iuclinatioil' 
which these inequalities may form with the direction' 
ofits motion; or, as these inequalities may be counter-' , 
balanced by the form of the opposite side. Ithasbeen i 
found that the same jiiece which will carry its bullet*! 
within an inch of the intended mark, at ten yardS' i 
distance, cannot be relied on to ten inches in one' J 
hundred yards, much less to thirty in three hundred \ 
yards. This evidently shows a curvature in the track | 
«f the bullet, which must be caused by the action of i 
the air after the bullet has been put in motion ; and 
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has been attributed bj Euler to the caune we ha^e as. 
signed, viz. an irregularity in the figure of the bullet. 
It is remarkable that Hution t<hould differ from Euler 
on this point ; and attribute the deflection to a whirl- 
ing motion of the bullet round its own axis, acquired 
by friction against the sides of the piece. Whatever 
effect the whirling motion of the bullet might haye 
upon the air, the air might, by its reaction, hare a Bimi- 
lar counter effect upon it. It might affect its rotatory^ 
motion round its own axis, but we cannot at all cch 
ceive faow it should affect its direct motion. 

Altogether, the theory of the percussion and resist- 
ance of fluids is at present in a most imperfect state j 
which is evidently owing to the subject never having 
been analized, or reduced to its simple principles, an 
it ought to have been : for there certainly does not 
appear to be any thing in the subject utterly beyond 
the reach of the powers of the human mind, if employ- 
ed with judgment, assiduity, and care. It is hoped 
the preceding view we have given of it, will lead to 
more correct ideas than have hitherto been enter- 
tained. 

Philosophers have lately attempted to form a system 
entirely upon experiments by the synthetic method, 
laying analysis entirely aside. They seem not to be 
avare that the most simple experiment we can make 
upon this subject involves a variety of principles : of 
course, it must be analized before it can be properly 
understood. Without this, by multiplying the experi- 
ments, instead of clearing up the subject^ we only in- 
crease the perplexity. Every experiment seems to 
contradict another, and we become involved in a 1 
byrinth of error and confusion. It may here truly t 
said, 

" We find DD end — in waiiderinf mazes lutt." 
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CHAPTER III. 



ROTATORY MOTION. 

Rotatory motion forms the most interesting part ' 
of mechanical philosophy ; and deserres mnch mora 
attention than haa hitherto been bestowed on it. AU^ 
pendulous motions are in a certain degree rotato^,' 
The motion of the earth, and of all the heavenly bodies 
rooad their own axes, belongs to this department ; and 
it will appear in the seqnel highly probable that the 
origin of all the elastic properties of matter are to be 
traced to this source. 

When a force is impressed upon a body in a right 
line passing directly through the centre of gravity, a 
direct progressive motion is communicated to it. But 
if the force is directed against the body in a right line 
not passing through the centre of gravity, a progressive 
motion with respect to other bodies is given to it, and 
at the same time a rotatory motion round its own axis ; 
or a progressive and rotatory motion may be commu- 
nicated to a body by a force directed against the centre 
of gravity, ifthe motion of the body is resisted by an 
opposing force, acting in a right line, not poising 
through that centre. 

In examining this subject it Lb necessary to begin 
with the properties of the lever, with which it is inti- 
mately connected; and a right understanding of which. 
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with the use of the principle of momentom, will rendeif 
rotatory motion as simple as it is curious and interesting. 
Let AB (Fig. 4.) represent an inflexible rod of no 
weight, supported by a hinge at the point A» and in 
such a manner that it may turn freely. Let this rod 
be supported from beneath, in an horizontal position, 
by a prop at the other end B. Let a heavy body be 
placed upon this rod at the centre C ; it will press upon 
the prop at B with only half its weight: for being 
supported equally by A and B, its pressure must be 
equally divided betwixt them. Again, let the heavy 
body ate be removed^ and let another rod a5,.liidf 
the length of the former, and likewise of no weight, be 
made to rest upon the former by means of two props 
a#N;he points A and C. Let the heavy body be now 
laid on e, the centre of the second rod ; here the pres- 
sure becomes equally divided betwixt a and 5; but 
the pressure at b rests upon C, where it becomes again 
equally divided betwixt A and B ; so that now the 
heavy body presses with only one-fourth of its weight 
tipoh the prop at B, which is the proportion that ae 
bea,rs to AB. Now^ it is evident that the circum-' 
stances of the case are not altered by supposing the 
two tods to b6 firmly joined into one ; or even by sup- 
posing the upper rod to be removed altogether, and 
the heavy body laid on the point ate?, immediately be- 
low e; the distance Ad being equal to ac: thereforo, 
if the heavy body is laid on the point d^ its presftujpe 
on the prop B, will be to its whole weight, as Ac^is to 
AB ; or the pressure on A will be to the pressure on 
B inversely as Ad istodB. In like manner it might 
be shown, that on whatever point of the rod AB the 
weight is made to rest, in whatever proportions that 
point divides the rod, the pressure is divided betwixt 
the two points 'A and B in the same proportions^ 
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Coaseqaently, the pressure on the point B, or thd 
power or counterpressnre, necessary to support (hat 
point, when there is any weight laid upon the rod, is 
always inversely as the distance AB is to the distance 
of the point on which the weight rests from the point 

A. Or, let the above case be reversed ; and instead of 
the heavy body at rf, let a prop be placed beneath, at 
that point; and instead of the extremities of the rod 
pressing on A and B in the above proportions, let two 
bodies, whose weights are severally equal to those 
presmires, be placed apon the extremities A and B ; 
action and reaction being equal, there will still be an 
equilibrium of pressure on each side of the prop at rf; and 
the rod with the weights upon it will rest in equilibrio. 

Or again, if we suppose the prop to be removed from 

B, and placed at any other point, as at c, the end of 
the rod at A being stitl retained in its place by the 
hinge, the weight of the heavy body placed above will 
still always press upon the prop with a force in propor- 
tioa to its whole weight, as the distance of that point 
on which it is placed is to the' distance of the prop from 
the point A. For instance, if the prop is put at C, and 
the weight placed immediately above it, the prop will 
then have to sustain the khole pressure, and no more: 
bat if the weight is placed at d, equidistant from C and 

A, of course C will sustain bnt one-half. But again, 
the prop continuing at C, let the weight be placed at 

B, the pressure upon the prop will now be double the 
whole weight : for, the rod being supposed inflexible, 
the extremity A will have a tendency to rise, but is 
prevented by the reaction of the hinge ; which reac- 
tion must be equal to the weight at B ; for the distance 
AC is equal to the distance CB ; and the end A of the 
rod has the same tendency to rise that B has to de- 
scend ; and as the prop at C has to sustain the presJ 
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sure of both, it most sustain a pressure equal to twid) 
the weight of the body at B. In short, at whatever 
point the prop is put, the pressure which it sustains 
from any heavy body placed upon the rod, is always in 
direct proportion to the distance of the point on which 
the weight rests from the point A. It is thus that we 
demonstrate the properties of the lever. 

Instead of supposing the heavy body to be placed 
upon a rod of no weight, let us suppose the body to be 
formed into the rod, and to be of uniform thickness and 
density throughout, and the end A still retained in its 
position by the hinge. As the power of the several 
parts of which the body is composed, or the pressure 
which they exert against, either the general inertia of 
the rod, or any opposing obstacle betwixt A and B, in- 
creases directly as the distance from A, so the whole 
power or pressure will be represented by the isosceles 
triangle ABD ; or it iriay be compared to a wedge of 
aolid gravitating matter, and the centre of gravity of 
the wedge will represent the centre of impulsion : but 
the centre of gravity of a wedge is farther from the 
vertex than the base, as two to one : therefore, if AB 
is divided by the point F, so that AF shall be to.FB 
as two to one, the impulsion on both sides of that point 
will be in equiUbrio ; and if the rod is allowed to vibrate 
about A, the point F will be the centre of equilibrium. 
When the rod is descending, this point is neither accele- 
rated nor retarded by the action of the parts on either 
side of it : for the action of these parts being opposite 
and equal, this point is not at all affected by them ; but 
the rod will vibrate in the same manner as if all its 
matter were collected on this point. This point, is 
hence termed the centre of oscillation. 

Let the body AB be placed horizontally at rest in 
free space, without any other resistance to its motion 
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than the iaertia of its parts, and pressed forward by a 
force acting always perpendicularly upon it on the 
point F ; the whole body will turn round the point A 
which will remain at rest. If, while it is thus moving 
round the point A, either horizontally, or vertically as 
a pendulu?n suspended from that point, it meets with 
any resiating obstacle at the point F, it will impinge 
with its whole force against that obstacle, and the 
point A will not be affected by the shock. 

It is a problem of very considerable importance, and 
particularly so in the following investigation, to find 
the momentum or potential velocity of a body in mo- 
tion round its own centre ; or to find that point whose 
velocity is such, that if all the matter in the body 
were moving with it, its rotatory power or momentum 
would still be the same. This point is culled the centre 
of gyration. When the centre of gravity and the 
centre of oscillation are once found, the centre of 
gyration may easily be ascertained, as follows.— It is 
an universal and invariable law in mechanics, that the 
momentum or potential velocity which a falling body 
acquires, is as the perpendicular height from whence 
it falls ; whether it descends perpendicularly, or down 
a continuous inclined plane, or sweeps the arch of a 
circle ; provided always, however, that its accelerating 
power is all expended upon itself, and that it is accel- 
erated by no foreigu power. Whilst the pendulous 
body AB (Fig. 4.) is descending, the parts betwixt A 
and F are retarded ; becau.se they cannot descend so 
fast as the point F, ( which they would do if unconnec- 
ted with the rest, and with one another, and unresisted 
by the hinge at A,) without pressing the parts that lie 
betwixt F and B into a still greater velocity : there is 
a certain composition of action takes place : the parts 
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betwixt F and B are accelerated beyond their natoval 
Telocity, whilst those betwixt A and F are retarded, 
But this does not alter the power which the whole ac-? 
quires in the descent : the power of the whote is equal 
to the sum of the descents of the several parts ; which 
is the same as the descent of the centre of gravity 
multiplied by the whole, weight. When the body ha« 
descended into a vertical position, so as the points 
C,F,B, have assumed the positions G^,B, the power ae- 
quired by the whole will be the same as if it had all 
descended through the perpendicular height AG. But 
there is one point, and one only, whoee descent audi 
acquired velocity have not been affected by the action 
of the other parts : this is the point of oscillation F r 
the matter at this point has acquired the same velocity, 
and consequently, the same power, as if it had been al- 
lowed to descend, unconnected with the rest, either 
along the arch it has described, or down the perpen-* 
dicular height A/. Now, it is evident th^t if wo 
assume this as the average of the whole, and calculate 
the whole momentum on that supposition, we make it 
too much, in the ratio of A/ to AG ; and must there- 
fore reduce the power so calculated accordingly. The 
square of the distance of the point sought from ths^ 
point A, will be to the square of AF as AG is to AF ^ 
or the distance will be to the whole length nearly m 
1.732 to.3; or as 5.77 to 10. 

If a wedge is made to vibrate about its. apex, th«^ 
distance of the centre of oscillation from the point of 
inspension is to the whole length as three to four: 
that of the centre of gravity as two to three, — the 
centre of gyration nearly as 7.071 to 10 : and the mo-v 
mentum is to what it would be if the whole body were 
^oving with the velocity of its base as one to two^ 
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The knowledge of this is of the greatest use in anaUilifl 
ing the rotatory motions of cylinders and spheres. 

When the body Ali revolves about the point A, itt 
motion may be divided into two; one progressive, bj^ 
which its centre of gravity changes its relative positioti ] 
to other bodies; and the other rotatory round that ce»tH 
tre, by which the parts change their positions with re* »| 
gard to one another. If it melees a complete revolu* 
tiou roand the point A, its paits will in the same time 
make a revolution round the centre C, The contiua- 
ance of each of these motions is quite independent of 
the other ; the progressive motion of the centre of gra- 
vity may be stopped by a resistance directly opposed to 
it, and the motion of rotation continue unchanged. 

The momentum of rotation is in this case one-fourth 
of the whole; or it is to the progresyiive momentum of 
the centre ofgravity as one to three: for let the half, AC, 
and the whole body, AB, be divided into any number 
of equal parts, the quantity of matter in each of these 
parts T)f the half body, and likewise their velocities 
round the centre C, nill be but one-half of those of the 
corresponding parts of the whole body round the point 
A ; and the momenta being as the quantities of matter 
and the squares of the velocities, the whole momentum 
of the half body round the centre C will be but one- 
eighth of that of the whole body round the point A; 
and the sum of the momenta of the two parts, AC 
andBC, will be one-fourth. This rotatory momentum 
round the centre C subtracted from tlie whole, leaves 
the remaining three-fourths for the progressive momen- 
tum of the centre of gravity round the point A. 

When a cylinder or sphei*e rolls down an inclined 
jdsne, its whole momentum, progressive and rotatory, 
will be the same that it wonld acquire in falling 
through the perpendicular height of the plane, or in 
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sliding down the plane without friction. Hence, if we 
know the proportions which the progressive and rota-^ 
tory motions bear to one another, the progressive velo- 
city acquired, and the time of descent are easily founds 

In the case of a rolling hollow cylinder, of which the 
matter is supposed to be all collected upon the surface, 
the velocity of the surface round the centre is equal to 
the progressive velocity of the centre ; the rotatory 
momentum is therefore equal to the progressive mo- 
mentum, and the progressive momentum being one- 
half of the whole, the velocity which the centre will 
acquire in rolling down an inclined plane, will be to 
the velocity it would acquire in sliding without fiictioa 
nearly as 7.071 to 10. 

A solid cylinder maybe supposed to consist of an in- 
finite number of wedges, with their edges or apeces 
meeting in the centre. When a wedge is made to re- 
volve about its apex, the distance, and consequently 
the velocity, of the centre of gyration is to that of the 
base nearly as 7.071 to 10: its momentum is, of course, 
but one-half of what it would be if moving with the 
velocity of the base. But the velocity of the centre of 
a rolling cylinder is the same as that of the circumfer- 
ence round the centre : consequently, the rotatory mo- 
mentum of a rolling solid cylinder is to the progressive 
momentum of the centre as one to two ; and the pro- 
gressive momentum being two- thirds of the whole, the 
velocity which the centre will acquire in rolling down 
an inclined plane is to that which it would acquire in 
sliding without friction nearly as 8.14 to 10. 

In the case of a sphere, the analizing the various 
motions is rather more difficult. If the sphere is homo- 
geneous, however, an approximation may easily be ob- 
tained by supposing it divided into frustums ; and if 
the number of these is great, they may be considered 
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as 80 many cylinders, and their momenta calculated 
upon the same principles. Id this way it is found that 
the distance of the centre of gyration from the centre 
of the sphere is 6.34, the semidiameter being 10,— that 
the rotarory momentum is to the progressive momen- 
tum of the centre as 4 to 10; and the velocity which 
its centre acquires in rolling down an inclined plane ifl 
to that wliich it acquires in sliding without friction, as 
8.45 to 10; and not as 7.071 to 10, as has been calcuia- 
ted by mathematicians. 

The cylinder or sphere may be supposed to rolldowa 
the plane upon some other circle than their circnmfer. 
ence. If this circle lies beyond the circumference of i 
the body, it will make fewer revolutions in rolling down 
the plane, and, of course, the rotatory motion will bear ■ 
a less proportion to the progressive ; or if this circle 
lies within it, the body will make a greater number of 
revolutions, and the rotatory motion will then bear a 
greater proportion to the progressive. Let the hollow 
cylinder, for instance, be fixed within another of no 
weight, and of twice the diameter of the first, with the 
centres of the two coinciding. In rolling down the 
plane, the rotatory velocity of the circumference of the 
inclosed cylinder will now be but half the progressive 
velocity of the centre down the plane; of course, the* 
rotatory momentum, which iu the former case wa» 
equal to the progressive, will now be to it in the ratio 
of one to foui'. On the other hand, if the first cylinder , 
is made to roll down the plane upon another of but 
half the diameter, placed within it, by way of axle, and 
of no weight, in descending the plane, the rotatory ve 
locity of the circumference of the first cylinder will i 
now be douhle the progressive velocity of the centre j 
and the rotatory momentum will be to the progressive 
as four to one. If we suppose the velocity which the 
body would acquire in falling perpendicularly through 
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the height of the plane, or in sliding down the pltoii 
without friction, to be ten, and the momentum one 
hundred, the rotatory momentum will in this last case 
be eighty, and the progressive momentum only twenty, 
and the final velocity which it will acquire will be 4.47. 
Or again, let us suppose an homogeneous sphere, in the 
same circumstances, to roll down the plane on a circle 
within it, equal to half its circumference, its rotatory 
momentum, which in the former case of rolling upon 
its circumference was to its progressive momentum as 
four to ten, will now be to the latter as 4 to 2.5 ; it» 
rotatory momentum will be 61.54, and its progressiva 
88.46 ; and its final progressive Telocity will be 6.2. 
Without the use of the principle of momentum, the so<^ 
lution of these questions would be as intricate, as witih 
it, it is extremely simple. If the sphere is not of uni- 
form density, the case becomes more intricate: but an 
approximation may still be easily obtained, by supposing 
spheres inclosed in, or spherical shells inclosiogj and 
another, according as the density may increftse or de-* 
crease from the surface to the centre* 

There is still another view to be takeii of the rota-< 
tory motion of cylinders and spheres, viz. the quantity 
of parallel motion in any given direction. When a oy-^ 
linder or sphere revolves about its centre at rest, thc^ 
momentum in any given parallel direction is always 
one^fourth of the whole rotatory momentum : for what-f 
ever motion there may be in any one direction, tiiere 
will always be an equal quantity on the opposite sidcf 
of the centre and in the contrary direction; and there 
will also be two other equal quantities of motion, like- 
wise on opposite sides of the centre, in contrary direc- 
tlons to one another, and at right angles to the two for- 
mer, and with them comprise the whole rotatory mo- 
mentum ; so that the momentum in any one parallel 
direction will always be one-fourth of the wholes 
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tHE ORIGIN OF THE PLANETARY SYSTEM. 



" The skiea are open— let ns try the akiei. 
Forgire, great Jove, the daring; euterprUe." 



However often we hare been told that all endea- ' 
voare to investigate the theory of the creation of the . 
world must ever be unavailing, and however many j 
the number of failures, still the prying mind of man' 
refunes tn relinquish the attempt. It mast be acknow- ' 
ledged that the means which we must here necessarily I 
employ appear, at first sight, rather iuauspicioug. 
Hypotheses are always looked upon with jealousy; bat I 
hypothesis is here our only resource. It is impossible 
to make an experiment by creating a new system. It i 
is equally impossible to roll back nature in that order 
whereby things have been brought Into their present 
state : so that we can neither have experiment nor di- 
rect observation for our guide. The danger, however, 
from hypothesis is now, in the present advanced state 
of science, much less than formerly : from the know- 
ledge we have of the phenomena and the laws of na- 
ture, if our hypothesis is erroneous it must sOon be 
detected. If an hypothesis shall be hit upon that will 
occoont for many of the appearances of nature, with- 
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out being directly contradicted by any, it should not 
be despised : if it accoant, by a legitimate process of 
reasoning, for all the great phenomena and the general 
order of the system, it will not be easy, nor would it be 
just, for the mind to withhold its assent from its truth. 
In the hypothetical part of this inquiry the points as- 
sumed are but few, whilst the phenomena accounted 
for are, both in number and importance, far beyond 
what has ever hitherto been attempted by any theory. 

It has generally been considered an insurmountable 
difficulty to conceive how bodies should be affected by 
others at a distance from them, and where there ap- 
pears to be no material connection. But this difficulty 
will in a great measure disappear, if we consider them 
in their positions merely as relating to one another — 
as having been at first all propagated from one com- 
mon source ; and continuing, through the influence of 
one universally extended mind, to be all joined by re- 
lation into one regularly organized system ; each indi- 
vidual forming a part of the same great whole. Viewed 
in this light, we shall find that by the change of the 
position of any one individual particle, every other in 
the system must necessarily be affected. 

It is long since the idea of a common origin of all 
the parts of the planetary system was suggested by 
Buffon. But he was unfortunate in the manner in 
which he supposed the separation to have taken place, 
when he employed a comet to effect it : for mathema- 
ticians easily proved that had the planets been impel- 
led from the sun by such means, they must necessarily 
have returned to it again in the course of every revolu- 
tion. ^ The notion was therefore scouted, and con- 
sidered as ridiculous. But although Buffon was evi- 

* Buffon laboured much, but without success, to remove this difficulty. 
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dently wrong as to the means and the way by which 
he supposed the effect to have been accomplished; 
yet, when we consider the general grounds on which I 
that sagacious observer of nature founded his opinion, 
— when we look at the planetary systenij and perceive* ' 
the sun moving round its own axis, — the planets mov-' | 
ing in their orbits round the sun, — their rotatory mo-' i 
tions, and those of the satellites round their primaries; 
and consider that all these motions are in one direc- 
tion, and so nearly in the same plane, we must surely 
allow that the suggestion of these bodies having had a' 
common origin, and their motions being produced by^ 
a common cause, merited a better fate than contemp-' , 
tuoiis neglect. 

Gravitation and its laws are the great obstacles irf I 
the way of the planets having been separated from the- 1 
Sun, and the satellites from their primaries. But be^ ' 
fore mathematicians had determined these obstacles 
to be insuperable, they might well have questioned 
whether matter should necessarily have had the same 
properties prior to the formation of the system, which 
it has had since the system was completed. If ever 
there was a period when all the bodies of this system 
were propagated from one mass, and had their present 
forms and motions given to them, that must sorely be 
supposed to have been at the creation ; and if there 
was a period when matter had new properties, or any 
properties at all, given to it, we mnst likewise look to 
the creation as the most probable for that change. If 
gravitatioo and its laws, then, did not exist prior to the 
creation, ("and there seems to be no reasonable grounds 
for supposing that they did) they can form no obstacle 
to the several parts of the system having had a common 
origin.— But to proceed to our Inquiry. 

Let the spherical body S (Fig. 5.) represent the Sun, 
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revolviag about its centre C, in the direction ADBE: 
there will be a certain momentum on the side A of the 
centre C, in the parallel direction of ED ; and like- 
wise, an equal momentum on the opposite side B, in 
the parallel direction of DK. These motions, being 
equal, and in opposite directions, will counterbalance 
one another ; and the centre C will remain at rest. 
Whilst the body S is thus revolving, or beginning to 
revolve, round the centre C, let part of the matter of 
which it is composed be separated from the aide A, 
and formed into the body P, which we shall suppose to 
represent a planet. Let the quantity of matter and 
distance of P be such, that the common centre of the 
two bodies shall be at F, distant from C one-fourth of 
the radius CA. As part of the matter on the eide A 
of the body S is now removed, the momentum on that 
side will be reduced, whilst that on the opposite side 
B continues unchanged : the centre C will therefore 
move somewhat forward in the direction CE ; the line 
AB passing through the centre of the body S, and 
changing its position with the revolution of that body, 
as in the direction ab, will intersect the line PC i 
some point G, betwixt C and F; and the body P \ 
move in the direction P/i, parallel to its original ^ 
(ion before it was separated from the body S. 

Let us suppose the equilibrium on each side of the 
new centre F to continue the same as formerly round 
the centre C ; the momentum of HBI in the parallel di- 
rection of DE, minus the momentum of the frustum 
IKLH in the opposite direction ED, being equal to the 
formermomentumofthe hemisphere DBE, in the paral- 
lel direction of DE ; and the sum of the momenta of the 
frustum KAL, and that of the body P, being likewise 
equal to the same in the opposite direction, parallel to 
ED. In order to effect this equilibrium, snpposinj 
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(he Bemidiameter AC to be divided into twenty eqaijt j 
parts, the line AB, passing through the centre of ths J 
body S, in assnmiiig the position a b, will intersect the 
line PC, passing through the centres of both bodies, at 
a distance from C equal to .176 of one of those parts; 
and supposing the parallel moiuentum of the hemi- 
sphere, when the centre C is at rest, to he ^100, the 
momentum of HBI will be =108.337, and that of 
IKLH, in the contrary direction, =3.337. # On the 
other side of the common centre F, the momentum of 
KAL,4n the direction parallel to ED, ^rill be =93.405, 
leaving 6.595 for the momentum of the body P, to 
complete the equilibrium. 

Let the quantity of matter, in the body P be doub- 
led : the common centre will now be removed to M, 
distant from C half the semidiaraeter AC; the line ab 
will intersect PC at the point N, distant from C .97 ; 
find the momentum of OBQ, in the direction parallel to 
DE, will be =119.3, and that of QRTO, in the con- 
trary direction, :=19.3; on the other side of the centre 
M, the momentum of RAT, parallel to ED, will be 
=63,65, leaving 36.35 for the momentum of the body 
P. Hence, the momentum of P is increased from what 
it was in the former case, in the ratio of 36.35 to 6.59, 
or nearly six times, although its quantity of matter is 
trtily doubled. The square of its velocity will be in- 
creased in the ratio of 18.175 to 6.59. 

Let the quantity of matter in P be again doubled) 
so that the common centre of it and the body S shall 



* In compudD;; the parallel laomentmn of a rrustam of tlie sphere, an 
i^)pn»[iiiiatio& oulf ii here founil b; ^riilit^ it into a number of Bmaller 
&u(tiuas of equal thickneiiB, and miiltipljing the quantity of matter in 
each bj the sijuare of its velocity, or the srjuare of ils pnraJlel iliatance 
from the centre of motioii. The point of hiteraection of the line PC hj 
tliv Mat ah, i'^ liVi^vFi^c n hibouml iipproxi million foiinil by triiila. 
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be on the surface of the latter, at A. The line a b 
then intersect the line PC at U, distant from C 2.64, 
or a little more than one*eighth of the semidiameter 
AC of the body S ; and the momentum of VBW in 
the parallel direction of DE, minus the momentunk of 
WAV in the contrary direction, will again be equal to 
the original parallel momentum of the hemisphere 
DBE in the direction DE ; whilst the whole momen- 
tum on the other side of the common centre A wiU 
now rest upon the body P, and which must likewise be 
equal to that of the hemisphere DBE, or 100. Here 
again the momentum of the body P is increased in the 
ratio of 100 to 36.35, and the square of its velocity in 
the ratio of 50 to 36.35, whilst the increase of its quan* 
tity of matter is only in the ratio of two to one.* 
Thus, the momentum of any given quantity of matter 
in the body P, is increased by the mere circumstance 
of its combination with other matter. In like ma^nner 
it might be shown, that by reducing the quantity of 
matter in the body P, its velocity may be infinitely re- 
duced to a state of rest ; but every increase of matter 
(to a certain extent) produces an increase of velocity^ 
The tendency of the individual particles is to remain 
at rest ; and hence the inertia of matter. But by the 
action of their combination they are carried forward 
with a great velocity : to the action of the whole we 
have here opposed the resistance or the reaction of 
the parts ; but action and reaction are equal, and di- 
rected to contrary parts ; the tendency of every par* 
tide in the body P must therefore be directed towards 
the centre of its combination with every other particle 
in that body, and consequently, towards the common 



• N. B,— The above calculations are made on the supposition of the 
body S being of homogeneous density. 
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centre of all. This is the cause of that mysterious phe- 1 
DomenoQ of gravitatiou, which has hitherto preplexed *. 
and confounded the philosophers of every age. Well I 
may we say, in the words of Young, " small knowledgoi^^ 
we dig up with endless toil." 

It is evident from inspection of Fig. 5. that increase 
ing the distance of P will have the same effect as in- 
creasing its quantity of matter In removing the commoa I 
centre from the centre C, and consequently, in increase 4 
ing the momentum of P. And it appears, too, that I 
whether this is caused by increasing the distance or 
the quantity of matter in the planet P, this momentum 
can be no farther increased after the common centre 
ia carried beyond the surface of the Sim S. Now, it is 
remarkable that the common centre of the Sun and 
Jupiter, which is the largest of the planets, should lie 
very little beyond the Sun's surface. Or again, in- 
stead of one planet P, there may be two or more; and 
then their several momenta should be regulated by 
their quantities of matter and distances : but, upon 
the principle of equilibrium, which we have supposed 1 
to obtain, the sum of the momenta of the several I 
planets cannot exceed that of the hemisphere of the 
Sun. The equilibrium betwixt the two should, indeed, 
be complete : for if all the planets are brought to one 
side, their common centre with the Sun lies consider- 
ably beyond the surface of that body. The sum of the 
momenta of the planets should not, in that case, be 
less than that of the opposite hemisphere of the Sun, 
neither should it be greater; as the planets cannot he 
any farther accelerated, after the common centre of 
tbem and the Sun lies beyond the Sun's surface. Their 
momenta should therefore be a maximum, and equal 
to tlie parallel momentum of an hemisphere of the 
Sun : and it seems e.ttremely probable that the two 
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actually d» coincide : although it is impossible i 
our present linowledge to determine this with perf 
precision. If the Suu were an homogeneous sphere, 
the parallel momentnm of its hemisphere would be to 
the sum of Ihose of all the planets nearly as three to two. 
But there is no reason for supposing that the Son ia 
an homogeneous body ; or, if the mutter composing it 
is of the same nature throughout, it must be fluid and 
highly elaatic : for it is evident, from observation, that 
its surface in in a continual state of agitation or ebttl- 
Ittion ; and if it is elastic, it must increase in density 
from the surface towards the centre, from the pressure 
of superincombent matter upon the interior strata. 
But in a revolving body, in which the density increases 
towards the centre, the rotatory momentum is not so 
great as in another body, containing the same quantity 
of matter, and whose surface is revolving with the same 
velocity, but whose density is uniform throughout: for 
by bringing the matter nearer to the centre, we bring 
the centre of gyration likewise nearer to it, and thereby 
reduce its rotatory velocity, and, consequentlyj the ro- 
tatory momentum of the body. From experiments 
that have been made to ascertain the mean density of 
the Earth, it is proved that it is much greater than 
that of the most solid mountains ; of course, the Earth 
must be much more dense in the interior than it is at 
the surface. In the sequel of this inquiry, indeed, it 
will appear that this must necessarily be the case : the 
Kartli having been formerly in a perfectly elastic Huid 
state, the weight of every stratum must have compres- 
sed, and rendered more dense, every stratum beneath 
it; consequently, there must be a regular increase of 
density from the surface to the centre. Jf this is the 
case with the Earth, we may certainly allow the same _ 
order to prevail in at least an equal degree in the So] 
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Whcwe every appearance indicates bo ranch elasticity. 
There is nothing unreasonable, then, in snpposiog that 
the rotatory inoraentam of the Sun may, on this ac- 
coant, be reduced in the ratio of two to three from 
what it would be if it were an homogeneous body of 
nniform denaity. And if we allow this reduction, wd . 
bring the parallel rotatory moraeDtum of the Sun'B 
hemisphere to a very near agreement with the sum of 
the momenta of all the planets. In calculating the 
jHirallel orbital momenta of the planets, we have to j 
make a considerable addition to the progressive mo- 
menta of their centres, on account of their rotatory 
ittotions. If the side of a planet next the Sun were 
completely retarded, and the opposite side, of course, 
moving with doable the velocity of the centre, as is 
nearly the case with Jupiter, the addition on this ac- 
count would be one-fifth, being one-half of the rotator^ 
momentum. * 

It will be asked, what reason have we for supposing " 
that there should have been an equilibrium betwixt 
the parallel momentum of an hemisphere of the San, 
or any of the larger bodies of the system, and the or- 
bital momentum of the smaller body or bodies moving^ ^ 
round it? It is answered, that we have no perfect' 
proof that there necessarily should have been such an , 
equilibrium : this is a principle which we are assumini 
without any other proof than probability. But in sup- '" 
posing an equilibrium, or a tendency to equilibrium, in ', 
the opposite sides of any of the departments of the [' 
natural system, there is nothing, surely, to shock our ■' 
belief, but, on the contrary, the most perfect agree- 
ment with our general ideas of the laws of nature : and y 

• This calculation ia on the snpposition of the planets being of lioiiio- 
gaieooK deositr- Bot if they increase in density from the snrface to tbe 
centM, OS they moat probably do, their momentom Is here orerntted. 
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that there actually has been such a tendency to eqtd*^ 
librium at the creation of the planetary system is strong- 
ly confirmed by observation of the phenomena. Oar 
Ignorance of the cause of that tendency to equilibrium 
is probably a consequence of our being unacquainted 
with the nature of the relation of the Sun to that 9U« 
perior system around whose centre it, with all its ap- 
pendages, is supposed to revolve ; and which revolution^ 
would have the same effect in causing all the parts of 
the solar system to gravitate towards its centre, and 
likewise towards one another, that the revolution of a 
planet round the Sun has in causing all the parts of 
the planet to gravitate towards the centre, of that 
planet. # 

At first sight there are many seeming objections 
to the preceding theory. It may be alleged that 
according to it the momenta of the several . planets 
ought to be in the order of the products of their quan- 
tities of matter and distances ; whereas, with regard to 
all those below the orbit of Jupiter, this rule is generally 
reversed ; and likewise if we apply the theory to Jupi- 
ter and his satellites, or to any single planet, the Earthy 
for instance, and the central parts of the Sun within 
the circle described by the common centre of it and 
the Sun, we shall find that there is no equilibrium. 
A farther survey, however, of the phenomena will show 
that these seeming deviations are not only perfectly 



* As we have not asgignecl any cause for this tendency in the planetary 
system to an equilibrium of momentum at the creation, so we are not pre- 
tending to have arrived at the ultimate cause of the present order of things, 
which probably lies ia infinity ; but if we have traced the inertia^ gravity^ 
and elasticity of matter into the motion of the system, of which it is hoped 
the most satisfactory evidence will appear in the sequel of this inquiry, it 
must then certainly be admitted that w^e have reached a link higher in the 
chaiu of causation than has ever hitherto been done. 
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reconclleable with our theory, but that they likewise 
lead to the elucidation of inauy other phenomena of 
the most cnrions and interesting nature. Our theory 
supposes a tendency to equilibrium ; but a tendency to 
equilibrium in the whole does not necessarily imply an 
equilibrium in every part. It is most probable that 
the reason why the momenta of the several planets are 
not in that order which our theory would at first lead 
us to expect, is owing to the order in which they have 
come into their present positions; and that all those 
planets below the orbit of Jupiter had, at the period of 
the formation of the system, been carried to a much 
greater distance from the Sun, and acquired their 
present velocities in returning to the orbits in wliich 
they now move. With regard to the failure of equili- 
brium in the system of Jupiter and it« satellites, the 
probability is, that at the creation of the system, the 
satellites had acted a necessary part in causing the 
planets to move from the Sun ; and that the orbital 
motion of the planets, again, has been the cause of the 
separation of the satellites from their primaries. Jupi- 
ter having moved to such a distance from the Sun that 
their common centre had arrived beyond the surface of 
the latter, its momentum had attained a maximum ; 
and the equilibrium of the solar system being complet- 
ed, and the orbital velocity likewise of Jupiter and its 
gravitating tendency towards the Son being in equili- 
brio, that planet could have no farther tendency to 
acceleration in its orbit. These circumstances had 
arrested the farther outward progress of the satellites 
of Jupiter from its body, and prevented that equili- 
brium which we find to obtain in the solar system. 

It appears very evident that the planets had at first 
rolled forward from the Sun like a ball upon a plane, 
and that their sides next the Sun had been somehow 
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vetarded. Let us suppose this retardation to hRTe 
been complete, so that their NideH next the Sun had 
had no progressive motion ; in which case the rotatory 
velocities of their equators would be equal to their or- 
bital yelocities round the Sun. This nearly iigreea 
with the condition of Jupiter, the chief of the planets, 
and the one by which we may conceive the equilibrium 
of the system would be principally regulated. 

The motion of the equator of Saturn next the Sun is 
even somewhat retrograde ; from whence we should 
conclude that the orbital volocity of that planet had 
been at one time somewhat greater than it is at pre- 
sent — equal at least to the rotatory velocity of its equa- 
tor. This leads us into the order in which the planetn 
hare moved from the Sun. 

If the orbital velocity of Saturn was at any time 
equal to the rotatory velocity of its equator, it must 
have been nearly equal to that of Jupiter, but had 
Jupiter preceded Saturn in their movement from the 
San, this could not have been : for in that case, from 
their proportional quantities of matter, the velocity of 
Jupiter would, according to the foregoing theory, have 
been two or three times that of the other; indeed, by 
the time that the common centre of Jupiter and the 
Sun arrived upou the surface of the latter, Jupiter 
should have ocquired such a momentum as would have 
absorbed nearly the whole quantity necessary to fill up 
the equilibrium with the opposite hemisphere of the 
Sun, But, on the other hand, if we suppose Saturn to 
have preceded Jupiter, we can easily conceive that its 
greater distance at the time from the Sun might have 
BO far made up for its lesser quantity of matter, that its 
velocity might have been equal to that of Jupiter. 
Then, if Saturn preceded Jupiter, we may suppose the 
other planets to have gone before and beyond Satt 
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In flie same order of their size. But Japiter contina- 
ing to move ontward from the Suu would, in time, 
come in for such a share of the momentum, that any 
disposition in the others to acquire an increase of velo- 
city wonld be insufficient to counterbalance the ^ow- 
ing power of gravitation. By the time that Jupiter 
had arrived at its present distance from the Sun, Sa- 
turn would have acquired a velocity more than suffi- 
cient to balance the power of gravitation: it would 
therefore continue to move outward, yielding part of 
its momentum to Jupiter, until its orbital velocity and 
gravitation to the Sun counterbalanced one another. 
The orbital velocities of the smaUer planets would be 
insufBoient to retain them at their greatest distances 
against the increasing power of gravitation: they 
would therefore return again towards the Sun, and 
acquire a new velocity from this power in their descent ; 
but the power of gravitation must have been continu- 
ally on the increase during the descent of these planets 
towards the Sun ; that is to say, even at the same dis- 
tances from the Sun ; for "had the power of gravitation 
l>een the same during as since their descent, these pla- 
netfl would have continued to revolve in very eccentric 
orbits, returning once iu every revolution round the 
iSun, to the greatest distances from whence they had 
fallen ; but there must have been such an increase of 
the power of gravitation as to admit only of their pre- 
sent eccentricities. 

From this part of our theory we are led to a curious 
soiQtiidence betwixt the velocities of the satellites and 
'the equators of the planets to which they severally be- 
long — a coincidence which we never should have dis- 
covered without the key afforded us by the course 
tibrongh which our theory supposes the planets to have 
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moved before they settled in their present orbits. We 
have supposed the planets to have been rolled forward 
from the Sun like a ball upon a plane. It wonld ap- 
pear that each planet, with its attending satellite or 
satellites, as forming one body, has been rolled forward 
in like manner ; the satellites, when coming immedi- 
ately betwixt the planet and the Sun, being retarded 
in the same manner as the equatorial parts of the pla-f 
net. The average velocity of the satellites of Jupiter 
is nearly equal to the velocity of its equator ; and we 
have supposed Jupiter to be nearly in that position, 
and moving with that velocity which it at first ac-i 
quired. Saturn, we have supposed, had at one time 
moved with a greater velocity than at present ; but, 
ascending outward from the Sun against the power of 
gravity, had lost a part of its original orbital velocity ; 
its satellites, at the same time, would ascend from it, 
their primary, and likewise suffer a diminution of ve- 
locity. Now, the velocity of the satellites of Saturn is, 
accordingly, considerably less than that of its equator. 
On the other hand, the Earth had been carried to a 
much greater than its present distance, and acquired 
an increase 'of velocity in its return towards the Sun ; 
the Moon would at the same time be precipitated to- 
wards the Earth, and likewise acquire an increase of 
velocity ; and accordingly, we find the velocity of the 
Moon round the Earth is more than double the velo- 
city of the Earth's equator. 

We have already hinted that the satellites have acted 
a necessary part in the movement of the planets from 
the Sun. It rests upon this principle, that during the 
outward motion of the planets from the Sun the velo- 
cities of the satellites had been equal to those of the 
equators of their primaries ; which, in the circum- 
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stances of the case, must necessarily have caused a pro- 
gressive motion in both from the Sun. From a due 
consideration of Fig. S. it appears evident, that if there 
was an equUibriuni of momentum betwixt a planet 
and an attending satellite when the latter was at any 
given distance from the former, and moving with the 
same velocity as its equator, the momentum of the sa- 
tellite would be too great for an equilibrium at any 
less distance, if moving with the same velocity as its 
equator ; and if there was more than an equilibrium in 
any one direction, the common centre of the two 
would have a tendency to move in that direction. 
Thus, when the satellite was on the opposite side of the 
planet from the Sun, if the momentum of the satellite 
was too great, it would have a tendency to move for- 
ward from the planet, and consequently from the Sun; 
therefore, the common centre of the satellite and pla- 
net would have a teadency outward from the Sun. 
Again, when the satellite came betwixt the planet and 
the Sun, the planet would still have a relative tendency 
from the satellite, and, therefore, from the Sun. The i 
planet and satellite would in this manner continue to I 
revolve and ascend from the Sun. And although in 1 
the systems of Jupiter and Saturn the momenta of the 
satellites and the hemispheres of these planets never 
arrived at an equilibrium, they were always tending 
towards it. In the case of the Earth and the Moon, 
these have attained nearly an equilibrium after their 
descent towards the Sun. 

If the satellites have acted a necessary part in the i 
movement of the planets from the Sun, we must sup- 
pose all the planets to have, or to have had, at least 
one. There are severals, however, that are supposed 
toha TB none ; but with regard to these it may be ob- 
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eerved, that in the case of Venas it is donbtful ; as SC-- 
veral astronomers have sapposed that they have actu- 
ally seen a satellite attending it. Mercury ia a small 
planet; it may have a proportionally Nm all satellite; 
and, from its distance from the Earth, it may hare es- 
caped our obserratiou. Mars seems to form aa ano- 
maly in the system, as it breaks a certain order which 
generally prevails in it : with the exception of it, and 
the four small planets lately discovered, and lying be- 
twixt it and Jupiter, the planets decrease regularly in 
size outward and inward from Jupiter. According to 
this order, Mars should have been situated below 
Mercury. May not Mars have come within the sphere 
of attraction of some of the superior planets, and had 
its orbital velocity thereby accelerated so as to balance 
the power of gravitation, and prevent it from descend- 
ing farther towards the Son, like the Earth, Venus and 
Mercury ? By thus coming within the sphere of attrac- 
tion of some of the superior planets, it may have been 
deprived of a satellite or satellites ; and it may at the 
same time have carried satellites from the planet witli 
which it came in contact. May not those four small 
planets lying betwixt Mars and Jupiter have been 
tellitea thu-s separated from their primaries ? 

Before leaving this part of the subject, we may 
serve a striking analogy betwixt the solar system anJ 
the systems of Jupiter and Saturn, viz. In the solar 
system, the largest of the planets, Jupiter, is placed at 
neither extremity in the order of the planets ; and 
both outward and inward from it they decrease regu- 
larly in their quantities of matter ; so in the systems 
of Jupiter and Saturn, beyond the largest satellite tl 
is a smaller, and the others decrease regularly in 
inward from it. 
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t Kme admit that the planets were ori^naUjr ndled 
fbrvard from the Sun like a ball upon a plane, which 
fliere seems no season to doubts this afibrds us the 
means of determining, with considerable precision, the 
greatest distances to which the sereral plaidtets had 
modred from the Sun; Their orbital velocities at Ihat 
period must have been nearly the same as the present 
rotatory relocities of their equators. But ^^ the areas 
which rerolving bodies describe by radii drawn to an 
immoveable centre of force, are proportional to the 
times in which they are described.'^ Hence, the cureas 
described in.a given time by titie radii drawn from the 
several planets to the Sun, when at their greatest dis<- 
teiiees, must have been the sajne as at presenjt^ and 
titerefore, as their velocities were then less than at 
present, their distances must have been proportionally 
gctoter: so that to find their greatest distances, we 
hufih only to multiply their presmit distances by the 
mimber of times that their present orbital velocities 
aaie greater than their equatorial velocities. Thus, 
the present medium, and the former greatest distances 
43ft the planets Mars, the Earth, Venus and Mercury, 
stand as foUows : — 



'Names. 

• 


Number 6f times 
thatjheir present 
orbital velocities 
are greater than 
their equatorial. 


Preiient distances 
in Miles. 


Greatest distances to 
which they had mov- 
ed at the formation 
of the system. 


Mars. 

The Earth. 
Venus. 
Mercury. 


99f 
651 

76i 
250} 


144,000,000 
95,000,000 
68,000,000 
37,000,000 


14371,904,000 
6199,605,000 
5204,000,000 
9263,320,000 



We do not pretend to give a complete elucidation of 
the origin of the planetary system, or of the manner in 

o 
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which the power of gravity has been generated in the 
matter composing it: but it seems extremely probable 
that the above are nearly the general outlines of the 
order in which the several parts have been brought 
into their present positions ; and with regard to the 
resolution of gravitation into the principle of action 
and reaction, that is supported by all the evidence 
that the most incredulous can desire. The greatest 
proof that can be demanded in support of that part of 
our theory is, to show that all the circumstances of the 
case being reversed, there is produced a directly con- 
trary effect ; that if the motion of the system is the 
cause of gravitation, the resistance to motion is the 
cause of repulsion, or elasticity. And here our theory 
is borne out in a very remarkable manner. Our 
theory supposes the rotatory motion of the planets to 
have been produced by the motion of the equatorial 
parts on the side next [the Sun having been resisted 
when they originally moved forward from that body, 
like a ball rolling forward upon a plane. If their or- 
bital momentum, or the square of their orbital velocity, 
is to be taken as the measure of the power of gravita- 
tion, so the square of the rotatory velocity of their 
equators must be taken as the measure of the power of 
repulsion. The power of gravitation is to be estimated 
by the density of the bodies of the planets ; the power 
of repulsion by the quantity of matter it is capable of 
holding in a state of su)«pension, or perfect elasticity ; 
such as the atmosphere of the Earth : therefore, the 
density of the atmosphere of each of the planets, at its 
surface, ought to be to the density of the body of the 
planet, as the square of the rotatory velocity of its 
equator is to the square of its orbital velocity round 
the Sun. Now, the atmosphere of the Earth agrees 
perfectly with this rule ; or at least the difference is 
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not fireater than that of the best authorities from oo». 
another with regard to the dimen^^ions of the system, , 
apon which the calculations must be made, or the di" 
rersity of their opinions as to the comparative densities' 
of the atmosphere and the body of the Earth. The- 
Moon's atmosphere, according to the above rule, ought. 
to be upwards of 13,000 times more rare than that of, 
the Earth ; and so little appearance has the Moon of, 
having an atmosphere, that it has been much ques- 
tioned whether it haa any at all. The condition of 
Venus comes the nearest to that of the Earth of any of 
the planets ; and its atmosphere has all the appearance 
that ours might be supposed to have at the same dis- 
tance. The rotatory velocity of the equator of Jupiter 
is nearly equal to its orbital velocity : the density of its 
atmosphere ought therefore to be nearly equal to that 
of the body of the planet ; and perhaps greater than 
some of the solid matter at its surface. May we not 
therefore conclude that its belts consist of very dense, 
or perhaps solid matter, floating in its atmosphere^ 
But the most beautiful and satisfying evidence of the 
truth of this part of our theory, if we except, perhaps* 
the atmosphere of the Earth, we find in the planet 
Satnrn ; the rotatory velocity of its equator is even 
greater than its orbital velocity ; it ought accordingly 
to have an atmosphere of greater density than that of 
its body ; and it appears actually to have detached 
solid matter from its surface, and, aided by a great 
centrifugal velocity, to have formed it into those rings 
which, ever since their discovery, have justly been 
looked upon ns the most wonderful phenomenon of the 
planetary system. These rings were long supposed to 
form but one : it is now well ascertained there are 
two ; and it in easy to conceive that a strong centrifu- 
gal velocity might so far overcome the cohesion of their 
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paortfis especialiy .when floftting in so dense a flnidy at 
to form them into two or more. 

If this theory of the cat»se of repohion or elastic!^ 
is correct, it should so far set at rest that question that- 
has been so long agitated amongst philosophers, irhe* 
ther heat, which is a^ays considered as the immediate 
cause of repulsion or elasticity, is a body sui generisy 
or whether it in a state into which all matter may be put.' 

The corroboratire evidences of the . truth of our 
theory pour in thick upon us from every quarter. We 
have supposed the Earth, and all the other planets 
below Jupiter, to have been carried to a distance frcas.' 
the Sun far beyond their present orbits ; and to have 
descended again towards it with an increasing gravi-* 
tating power. Our theory likewise supposes every 
acceleration of the velocity of the planets to have been, 
attended with an increased reaction of the parts. A» 
increasing condensation of the bodies of the planets,* 
and likewise of their atmospheres, must consequently: 
have taken place : for the repulsive powers would con- 
tinue the same, their being no increase of their rota-* 
tory velocities. The equilibrium betwixt the gravitat- 
ing and elastic powers being thus destroyed, there 
must have been, during the descent of these planets 
towards the Sun, a continual precipitation of matter 
from their atmospheres, in a slate in which its elasti- 
city was overcome by its condensation. And hence 
the element of water, which forms so important and 
interesting a part in the constitution of the Earth; 
We cannot avoid here observing the remarkable coin«* 
cidence betwixt this result of our theory and that gi'eat 
modem discovery in Chemistry, that water is a certain 
modification of air. But with regard to Jupiterj Sa» 
turn and Herschel, as ihey have never returned from 
their greatest distance^ no condensation of their atmos^ 
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pkerie matter could ever have taken place; couse- 
quently, bo water, no clouds, can ever belong tothem ; 
and their atmospheres, nothwithstanding their immense 
deprities, compared with ours, must be perfectly tran- 
fi^Murent, and for ever imperceptible by us. The waters^ 
lift the Moon will bear the same proportion to those on. 
oar Earth that its atmosphere does to ours. Venus, as- 
we have already observed, comes the nearest in its, 
circumstances qf any of the planets to our Earth ; and 
its atmosphere has the same clouded appearance which 
it might be supposed ours would have at the like dis-^ 
tance. 

Thus, of all the elements of which the Earth is com- 
posed, water appears to have been the last of being 
formed, instead of the first, as almost all cosmogonists 
hitherto would have had us to believe. That the above 
actaidly has been the origin of water, is corroborated 
by its degree of density : the part of the atmosphere 
tram which the waters would principally be derived we 
may conceive would be the lower regions, next the 
Earth^s surface ; and would vary in density from that 
of the exterior parts of the Earth, when at its greatest 
distance from the Sun, to the density of the under part 
of the present atmosphere. The density of the great 
mass of it, however, would incline to the former, and 
would undergo a degree of condensation the same as 
the body of the Earth itself in descending towards the 
Son. So we find that the density of water inclines 
much nearer to the density of the body of the Earth 
than to that of the atmosphere. 

The above view of the constitution of the diflferent 
planets will afford to the curious a wide field for spe- 
culation, with regard to the nature and habitudes of 
those animated beings with which we may suppose 
these worlds to be peopled : for it is more than prober- 
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ble that life will very mnch abonnd where the elastic 
powers are so great as on the surfaces of Jupiter and 
Saturn. If so, must the first of these living beings, as 
well as those of the Earth, have come from the Sctn 
along with the planets, and suffered all the various 
changes which the matter of these has undergone 
until they arrived in their present situations ? It is evi* 
dent that if Jupiter, Saturn and Herschel are peopled, 
their inhabitants must be very differently constituted 
from those of the Earth ; their atmosphere being so 
rery dense, without any element resembling our water. 

We have another proof of our theory of gravitation 
in the comparative densities of the different planets. 
It has long been observed that they severally increase 
in density the nearer their orbits are to the Sun. 
Those who reason from final causes say, that they are 
thus constituted in order that they may be enabled to 
withstand the greater heat of the Sun. But the pro- 
ducing cause certainly is, their greater velocity; and, 
consequently, the greater reaction of their parts; and 
their several densities are of course as the squares of 
their velocities. We have here a proof, too, that the 
planets must have been in an elastic state : for without 
an elastic or repulsive force to resist, we could have no 
measure of the condensing power, nor even proof of 
its ever having been employed. 

There is one other proof of our theory of gravitation 
which is not unworthy of notice, it is from moral anfti- 
logy ; and it is not to be denied that there is a greait 
resemblance, if not a perfect similarity, betwixt the 
laws of the physical and the moral worlds. Our the- 
ory supposes the gravitation of the parts of a planet 
towards one another to be the consequence of their 
motion from their great original, the Sun. Does not 
this very much resemble that moral attraction which 
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ire observe betwixt children of the same parents, or 
amongst members of the same nation, or the same so- 
ciety, when they meet in a distant land ? The very cir- 
cumstance of their having moved from a common ori- 
gin prodaces a moral attraction which otherwise would 
never have been felt. Again, if any of the members 
of this new society, after separation from their original, 
refuse to go along with the object of the whole, but 
cleave towards the mother country, we find the same 
repulsion takes place among them that we have ob- 
served to arise from the retardation of the side of e 
planet leaning towards the Sun, which is the cause of ] 
the repulsion or elasticity of the matter of the planet. , 
The iigure of the planets forms a strong proof th^ i 
at their formation they must have been in a fluid state, 
with a high degree of elasticity. We cannot upon any i 
other principle than that of fluidity account for their j 
figures corresponding so exactly with that degree of 
oblateness which is due to the centrifugal force of their 
rotatory velocities. Some philosophers, indeed, woul4 J 
have it that the parts of this Earth have been worn I 
down by the raius and atmospheric influences, and i 
carried about by the waters and the centrifugal force 
of the Earth's rotatory velocity, until the whole as- J 
«umed its present form. But the appearances of the j 
Earth by no means corresjiond with this idea. Those I 
rocky mountainous prominences with which the sur- 
face is so generally interspersed, have certainly no ap- 
pearance of ever having been dissolved in water ; and I 
if ever the figure of the Earth has been very irregular, 
and these prominences are the remains of what has ' 
been worn away by water, it is impossible that the 
parts could have been wasted down by such means, 
without leaving a greater variation than we find in the 
height of these mountnlos above the general surface. 
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The Earth, then, must have been in a fluid state, but 
not dissolved in water : it must have been an elastic 
fluid ; though perhaps not perfectly elastic ; that is to 
say, its elasticity may not have been in perfect equili- 
brio with its gravitating power, like its present atmos- 
phere. We must suppose the same of all the other 
planets. 

Our theory supposes the Earth, during the period of 
its' formation, to have been carried to a much greater 
distance from the Sun than at present, and moving 
with a much less orbital velocity ; its parts, likewise, 
possessing a small gravitating power ; but its rotatory 
velocity marly the same as at present. The centrifnw 
gal force of its rotatory velocity bearing a greater pro- 
portion to the gravitating power of the parts towards 
its centre, its figure must have been that of a spheroid 
much more oblate than at present. From the same 
' cause, the atmosphere would partake of the saaeie 
'figure: it would be more accumulated towards the 
equator than at the poles. During the Earth's return 
towards the Sun, the power of the gravitation of its 
parts continually increasing, must have been attended 
with a corresponding change of figure towards one less 
oblate ; at the same time a constant condensation and 
tendency towards solidity ; yet the solidity never so 
great as to prevent the yielding, breaking, and cradl- 
ing of its parts, producing all those unevennesses ^At 
its surface at present exhibits. This leads us to Hm? 
remaining part of our subject — The Theory of tite 
Earth. 



t>f MECHANICAL PHILOSOPHY. 1 1 3 



CJHAPTER V* 



THE THEORY OF THE EARTH. 

tt remains to show the application of om theory 
to those phenomena which form the subject of what 
is commonly understood by " The Theory of the 
Eartli;" that is, the nature, the origin, and arrange- 
ment of the parts of the Earth which have evidently 
gcme through a regular process at their formation. 

The Theory of the Earth has long engaged the at- 
tention of both the curious and the learned; but 
though many theories have been formed, they are aU 
of them so incomplete, and many of them so absurd, 
that the subject is generally treated by the world ra- 
ther with ridicule. There are several, indeed, of those 
theories which the authors themselves could never ex- 
pect to be received as any thing else than amusing 
romances. But there are others of them of a different 
description. There are some of them produced by 
jaen of real science, and which contain many valuable 
hints, and much scientific information, that may still 
be useful, though at present of little value, from the 
theory of which they form a part being so incomplete : 
They resemble the detached parts of a machine which 
derive their value only from the part they may be 
made to bear in completing a whole. The arguments 
of Buffon for the common origin of all the parts of the 

p 
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planetary system, and their having been all pnt in 
motion by one and the same power, is not to be des« 
pised because he failed in accounting for that power. 
If our theory, or any other, shall supply that power, 
then his arguments will be found entitled to our serious 
attention. Hutton, in his Theory of the Earth, seems 
to have failed in satisfying the world vrith regard to the 
agency of heat, or some such principle, (for he does 
not positively say it was heat) in forming and consoli- 
dating the strata of the globe : but if we can supply a 
principle of elasticity that must have acted in the same 
way as )|i&t, his reasoning, we apprehend, will be very 
diflFerenny received* Those who wish to enter parti- 
cularly into this part of the subject we must refer te 
the work itself of that author : we shall here insert 
from it a few extracts ; and then show their perfeet 
agreement with our theory. Indeed that is so evident 
that it hardly requires to be pointed out. 

# " But now, instead of inquiring how far water 
may be instrumental in the consolidation of strata 
which were originally of a loose texture, we are te 
consider how far there may be appearances in those 
consolidated bodies, by which it might be concluded, 
whether or not the present state of their consolidation 
has been actually brought about by that agent. 

" If water had been the menstruum by which the 
consolidating matter was introduced into the interstloes 
of strata, masses of those bodies could only be fbimd 
consolidated with such substances as water is capitble 
of dissolving; and these substances would be found 
only in such a state as the simple separation of the 
solvent water might produce. 

" In this case, the consolidation of strata would b^ 

• Theory of the Earth, Vol. I. p. 46. 
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extremely limited ; for we cannot allow more power to t i 
water tlian we find it has in natiire; nor are we td- 
imagine to ourselves milimited powers in bodies, oif 
purpose to explain those appearances by which we ■ 
should be made to know the powers of nature. Let 
IIS, therefore, attend, with every possible circumspeo- ■ , 
tion, to the appearances of those bodies, by means q 
which we are to investigate the principles of miners- ■ 
h^y, and know the laws of nature. 

" The question now before us concerns the consoli-' i 
dating substances of strata. Are these such as will') 
correspond to the dissolving power of water, and to the' I 
state in which those substances might be Teft by the' 
separation of their menstruum ? No, far, far from thigi ] 
supposition is the conclusion that necessarily foUoii)! 
from natural appearances. 

" We have strata consolidated by calcarious spar, »' 
thing perfectly distinguishable from the stalactical con- 
cretion of calcarlous earth, in consequence of aqueous 
■olution. We have strata made solid by the formation 
of fluor, a substance not soluble, so far as we know, by 
water. We liave strata consolidated with sulphureous 
Uid bituminous substances, which do not correspond to 
the solution of water. We have strata consolidated 
with silicious matter, in a state different from that 
underwhich it has been observed, on certain occasions, 
to be deposited by water. We have strata consolidated 
by feld-spar, a substance insoluble in water. We 
have strata consolidated by almost all the various me- 
tallic substances, with tlieir almost endless mixtures 
and sulphureous compositions; that is to say, we find, 
perhaps, every different substance introdoced into the 
mterstices of strata which had been formed by subsi* 
den ce at the bottom of the sea. 

IJIf -it is by meani of water that those interstices 
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have been filled with those materials, water must be, 
like fire, an universal solvent, or cause of fluidity, imd 
we must change entirely our opinion of water in rela- 
tion to its chemical character. But there is no neces-» 
sity thus to violate our chemical principles, in order to 
explain certain natural appearances ; more especially 
if those appearances may be explained in another 
manner, consistently with the known laws of nature. 

^^ If, again, it is by means of heat and fusion that the 
loose and porous structure of strata shall be supposed 
to have been consolidated, then every difficulty which 
had occurred in reasoning upon the power or agency 
of water w at once removed. The loose and discon- 
tinuous body of a stratum may be closed by means of 
softness and compression ; the porous structure of the 
materials may be consolidated, in a similar manner, by 
the fusion of their substance ; and foreign matter may 
be introduced into the open structure of strata, in form 
of steam or exhalation, as well as in the fluid state of 
fusion; consequently, heat is an agent competent foK 
the consolidation of strata, which water alone is not. 
If, therefore, such an agent could be found acting in 
the natural place of strata, we must pronounce it 
proper to bring about that end. 

" The examination of nature gives countenance to 
this supposition, so far as strata are found consolidated 
by every species of substance, and almost every possi^ 
ble mixture of those different substances; consef 
quently, however difficult it may appear to have thi9 
application of heat, for the purpose of consolidating 
strata formed at the bottom of the ocean, we cannot^ 
from natural appearances, suppose any other cause as 
having actually produced the effects which are noMT 
examined." 
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* " The arguments which have been now employed 
for proving that strata have been consolidated by the 
power of heat, or by the means of fusion, have been 
drawn chiefly from the insoluble nature of those conso- 
lidating substances in relation to water, which is the 
only general menstrunm that can be allowed for the 
mineral regions. But there are found, in the raineral'Wl 
kingdom, many solid ma^es of sal gem, which is a so- 
luble substance. It may be now inquired how far 
these masses, which are not unfrequent in the earthy 
tend either to confirm the present theory, or, on the 
contrary, to give countenance to that which sapposeei 
water the cliief instrument in consolidating strata. 

" The formation of salt at the bottom of the sea, 
without tlie assistance of subterranean fire, is not a 
thing unsupposeable, as at first sight it might appear. 
Let us but suppose a rock placed across the gut of Gib- 
ralter, (a case nowise unnaturdl), and the bottom of 
the Mediterranean would he certainly filled with salt, 
becaofle the evaporation from the surface of that sea 
exceeds the measure of its supply, 

" But strata of salt formed in this manner at the 
bottom of the sea, are as far from being consolidated 
by means of aqueous solution, as a bed of sand in the 
same situation ; and we cannot explain the consolida- 
tion of such a stratum of salt by means of water, with- 
out sup|>osing subterranean heat employed, to evapo- < 
rate the brine which would successively occupy the 
interstices of the saline chrystals. But this, it may 
be observed, is equally departing from the natural ope- 
ration of water, as the means for consolidating the se- 
diment of the ocean, as if we were to suppose the same 
thing done by heat and fusion. For the question ia 



• Thcorj- cl'llip Earlli, Vil. 
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not, If subterranean heat be of sufficient intensity for 
the purpose of consolidating strata by the fusion of 
their substances ; the question is, Whether it be by 
means of this agent, subterranean heat, or by water 
alone, without the operation of a melting heat, that 
those materials have been variously consolidated. 

^^ The example now under consideration, oonsoli-v- 
dated mineral salt, will serve to throw some light upon 
the subject; for, as it is to be shewn, that this body of 
salt had been consolidated by perfect ftision, and not 
by means of aqueous solution, the consolidation of 
strata of indissoluble substances, by the operation of a 
melting heat, will meet with that confirmation whioh 
the consistency of natural appearances can give. 

<^ The salt rock in Cheshire lies in strata of red marl. 
It is horizontal in its direction. T do not know its 
thickness, but it is dug thirty or forty feet deep. The 
body of this rock is perfectly solid, and the salt, in 
many places, pure, colourless and transparent, break- 
ing with a sparry cubrical structure ; but the greatest 
part is tihged by the admixture of the marl, and that 
in various degrees, from the slightest tinge of red, to 
the most perfect opacity. Thus, the rock appears as 
if it had been a mass of fluid salt, in which had been 
floating a quantity of marly substance, not uniformly 
mixed, but every where separating and subsiding ftom 
the pure saline substance. 

" There is also to be observed a certain regularity 
in this separation of the tinging from the colourless 
substance, which, at a proper distance, gives to the 
perpendicular section of the rock a distinguishable 
figure in its structure. When looking at this appear- 
ance near the bottom of the rock, it, at first, presented 
me with the figure of regular stratification ; but, upon 
examining the whole mass of rock, I found that it was 
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Only towards the bottom that this stratified appearance 
took place ; and that, at the top of the rock, the most 
beautiful and regular figure was to be observed ; but a 
figure the most opposite to that of stratiiicatioa. It 
was all composed of conceutric circles ; and these ap- 
peared to be the section of a mass composed altogether 
of concentric spheres, like those beautiful systems of 
configuration which agates so frequently present us 
with in miniature. In about eight or ten feet from the 
top, the circles growing large, were blended together, 
and gradually lost their regular appearance, until, at 
a greater depth, they again appeared in resemblance of 
a stratification, 

*' This regular arrangement of the floating marly 
substance in the body of salt, which is that of the 
atmcture of a coated pebble, or that of concentric 
spheres, is altogether inexplicable upon any other sup- 
position than the perfect fluidity or fusion of the salt, 
and the attractions and repulsions of the contained 
substances. It is in vain to look, in the operations of 
solution and evaporation, for that which notliing but 
perfect fluidity or fusion can explain." 

Again,* " This evidence, though most conclusive 
with regard to the application of subterraneous heat, 
as the means employed in bringing into fusion all the 
different substances with which strata may be found 
consolidated, is not directly a proof that strata had 
been consolidated by the fusion of their proper sub- 
stance. It was necessary to see the general nature of 
the evidence for the universal application of subter- 
raneous heat, in the fusion of every kind of mineral 
body. Now, that this has been done, we may give ex- 
amples of strata consolidated without the introduction 

■ Tlieory of the Earth. Vul. I. ji. H7. 
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of foreign matter, merely by the softening or fiudon of 
their own materials. 

'' For this purpose we may consider two different 
species of strata, such as are perfectly simple in ibeir 
nature, of the most distinct substances, and whose ori- 
gin is perfectly understood, consequently, whose sab- 
sequent changes may be reasoned upon with certainty 
and clearness. The scare the silicious and calcarions 
strata ; and these are the two prevailing substances of 
the globe, all the rest being, in comparison of these, 
as nothing ; for unless it be the bituminous or coal 
strata, there is hardly any other which does not neces- 
sarily contain more or less of one or other of these two 
. substances. If, therefore, it can be shown,' that both 
of those two general strata have been consolidated by 
the simple fusion of their substance, no desideraiumy or 
doubt will remain with regard to the nature of that 
operation which has been transacted at gre&t depths 
of the earth, places to which all access is denied to 
mortal eyes. 

" We are now to prove, //r«/. That those strata have 
been consolidated by simple fusion ; and, secondly. 
That this operation is universal, in relation to the 
strata of the earth, as having produced the various 
degrees of solidity or hardness in these bodies. 

'^ I shall firsts remark, that a fortuitous collection of 
hard bodies, such as gravel and sand, can only touch 
in points, and cannot, while in that hard state, be 
made to correspond so precisely to each others shape 
as to consolidate the mass. But if these hard bodies 
should be softened in their substance, or brought into 
a certain degree of fusion, they might be adapted 
mutually to each other, and thus consolidate the open 
structure of the mass. Therefore, to prove the present 
point, we have but to exhibit specimens of silicious 



MECHANICAL PHTLOSOPHV. ISi 

Ms eslcBrions strata which hare been evidently consot- 
lidated in this manner. 

" Of the first kind, great varieties occur in thii 
country. It is, therefore, ueedless to describe these 
particularly. They are the consoUdated strata o£ 
grarel and sand, often containing abundance of feld* 
ttpar, and thus graduating into granite ; a body, iu^ 
this respect, perfectly similar to the more regular' i 
strata which we now examine. 

" The second Idnd, again, are not so common in thll 
country, unless we consider the shells and coralliae 
bodies in our lime-stones, as exhibiting the same ex- 
ample, which indeed they do. But 1 have a specimea 
of marble from Spain, which may be described, and 
which will aflford the most satisfactory evidence of the 
fact in question. 

" This Spanish marble may be considered as a species 
of padding- stone, being formed of calcarious gravel; 
a species of marble which, from Mr. Bowles' Natural I 
History, appears to be very common in Spain, The 
gravel of which this marble is composed, consists of i 
fragments of other marbles of different kinds. Among i 
these are different species of oolites marble, some I 
shell marbles, and some composed of a chalky sub- 
stance, or of nndistinguishable parts. But it appears 
Hmt all these different marbles had been consoUdated 
or made hard, then broken into fragments, rolled and • 
worn by attrition, and thus collected together, along, J 
with some sand or small silicioas bodies, into one masn 
Lastly, this compound body is consolidated in such t 
manner as to give the most distinct evidence that thil I 
had been executed by the operation of heat or simple ] 
fusion. 

" The proof I give is this, That besides the general ' 
conformation of those hard bodies, so as to be perfectly 
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adapted to each other's shape, there is, in some plac^, 
a mutual indentation of the different pieces of gravel 
iiito each other ; an indenftation which resembles per- 
fectly that junction of the diflterent bones of the cra^ 
niumy called sutures, and which must have necessarily 
required a mixture of those bodies while in a soft or 
fluid state. 

" Thl^ appearance of indentation is by no means 
singular, or limited to one particular specimen. I 
have several specimens of diflferent marbles in which 
fine examples of this species of mixture may be per- 
ceived. But in this particular case of the Spanish 
pudding-stone, where the mutual indentation is made 
between two pieces of hard stone, worn round by attri- 
tion, the softening or fusion of those bodies is not sim- 
ply rendered probable, but demonstrated. 

'"having thus proved, that those strata had been 
consolidated by simple fusion, as proposed, we nowpro*- 
ceed to shew, that this mineral operation had been not 
only general, as being found in all the regions of the 
globe, but universal, in consolidating our earth in all 
the various degrees, from loose and incoherent shells 
and sand, to the most solid bodies of the silicious and 
calcarious substances. 

" To exemplify this in the various collections and 
mixtures of sands, gravels, shells, and corals, were 
endless and superfluous. I shall only take, for an 
example, one simple homogeneous body, in order to 
exhibit in the various degrees of consolidation, from 
the state of simple incoherent earth to that of the most 
solid marble. It must be evident that this is chalk ; 
naturally a soft calcarious earth, but which may be 
also found consolidated in every different degree. 

" Through the middle of the Isle of Wight, there 
runs a ridge of hills of indurated chalk. This ridge 
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raas from the Isle of Wight directly west into Dorset- 
Hhire, and goes by Corfcastle towards Dorchester, per* 
haps beyond that place. The sea has broke through 
this ridge at the west end of the Isle of Wight, where 
columns of the indurated chalk . remain, called the 
Needles ; the same appearance being found upon the 
opposite shore in Dorsetshire. 

" In this field of chalk, we find every gradation of 
that soft earthy substance to the most consolidated 
body of this indurated ridge, which ia not solid marble, 
bat which has lost its chalky property, and has ac- 
quired a kind of stony hardness. 

" We want only to see this cretaceous substance in 
its most indurated and consolidated state; and this 
we hare in the north of Ireland, not far from the 
Giants Causeway. I have examined cargoes of this 
lime-stone brought to the west of Scotland, and find 
the most perfect evidence of this body having been 
once a mass of chalk, which is now a solid marble. 

" Thus, if it is by means of fusion that the strata of 
the earth have been, in many places, consolidated, we 
must conclude, that all the degrees of consolidation, 
which are indefinite, have been brought about by the 
same means." 

For a more particular view of this subject, we must 
refer the reader to this work of Ilutton's itself: a 
candid examination of which, we conceive, must sa- 
tisfy every one who is not swayed by prejudice, with 
regard to the means by which the strata of the earth 
have been consolidated,— that it has been by fusion, or 
some similar means. 

There may be various reasons assigned for this part 
of the Huttonian theory not having been so generally 
received as it certainly deserves. The theory, in ge- 
neral, is at variance with the Mosaic account of the 
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creation ; and this is a safficii?nt reaaon with name t 
rejecting it. It has also been conisidered an unsni 
inountable difficulty to procure heat or iire to product 
this fusion. But Hntton does not go the length to de- 
monstrate how the fusion was produced ; he cotttenta 
himself with the phenomena, tliat these muHt hare 
been the conscqupnce of fusion. "But, though the 
cause of fire in general," says he. * " or the operation 
of that power in its extreme degrees, be for ns a sub- 
ject involved in much obscurity, this is not the case 
with regard to the more common eifects of heat ; and, 
though the actual existence of subterraneous fire, as 
the cause of light and heat, might be a thing altogether 
problematical in our opinion, yet, as to other effects, 
there are some of these from which the action of that 
liquifying power may be certainly concluded as having 
taken place «Tthin the mineral region, although the 
cause should be in every other respect a thing to ns 
unknown, in that case, where the operation or effect 
is evident, and cannot be disputed, to refuse to admit 
the power in question, merely because we had not seen 
it act, or because we know not every rule which it may 
observe in acting, would be only to found an argument 
upon our ignorance ; it would be to misunderstand the 
nature of investigating physical truths, which must 
proceed by reasoning from cfTcct to cause." 

Again,! " In opposition to the theory of consolidate 
ing bodies by fusion, our author (Mr, Kirwan) has 
taken great pains to shew, that 1 cannot provide ma- 
terials for snch a fire as would be necessary, nor find 
the means to make it burn had I those materials. 
Had our author read attentively my theory he would 
Jiave observed, that 1 give myself little or no trouble 
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Qbont that fire, or take no charge with regard to the 
procuring of that power, as I have uot founded my 
theory on the suppusUion of subterraneous fire, how- 
©rer that fire properly follows as a couclnnion from 
tiuMe appearances on which the theory is founded. My 
theory is founded upon the general appearances of 
mineral bodies, and upon this, that mineral bodies 
moat have been in a state effusion. 1 do not pretend 
to prove, demonstratively, that they had even been 
bot, however that conclusion also naturally follows 
from their having been in fusion. It is sufficient for 
me to demonstrate, that those bodies must have been, 
more or less, in a state of softness and fluidify, without 
any species of solution. 1 do not say that this fluidity 
had been without heat ; but, if that had been the case, 
it would have answered equally well the purpose of 
my theory, so far as Ihis went to explain the consoli- 
dation of strata ormiuoral bodies, which, I still repeat, 
must have been by simple fluidity, and not by any 
species of solution, or any other solvent than that uni- 
versal one M'hicli permeates all bodies, and. which 
makes them fluid. 

"Our author has justly remarked the difficulty of 
fire burning below the earth and sea. It is not my 
purpose here to endeavour to remove those diificulties 
which perhaps only exict in those suppositions which 
are made on this occasion ; ray purpose is to show, that 
he had no immediate concern with that question, in 
discassiug the subject of the consolidation which we 
actually find in the strata of the earth, unless my 
theory, with regard to the igneous origin of stony sub- 
stances, had proceeded upon the supposition of a sub- 
terraneous fire. It is surely one thing to employ fire 
and heat to melt mineral bodies, in supposing this to 
he the cause of their consolidation, and another thing 
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to acknowledge fire or heat as having been exerted- 
upon mineral bodies, when it is clearly provea, from 
actual appearances, that those bodies had been in a 
melted state, or that of simple fluidity. Here are dis- 
tinctions that would be thrown away npoik the vulgar ; 
but, to a man of science, who analizes arguments, and 
reasons strictly from effect to cause, this is, I believe, 
the proper way of coming at the truth. If the patrons 
of the aqueous origin of stony substances can give us 
any manner of scientifical, t. e. intelligible investiga- ^ 
tion of that process, it shall be attended to with the 
most rigid impartiality, even by a patron of the igne-: 
0U8 origin of those substances, as he wishes above all 
things to distinguish, in the mineral operations, those 
which, on the one hand, had been the effect of water, 
from those which, on the other hand, had been the 
immediate effect of fire or fusion ; this has been my 
greatest study. But, while mineralists or geologists 
give us only mere opinions, what is science profited 
by such inconsequential observations as are founded on 
nothing but our vulgar notions ? Is the figure of the 
earth e, g. to be doubted, because, according to thct 
common notion of mankind, the existence of an antipod 
is certainly to be denied ?" 

There is a striking agreement betwixt this reason^^v 
ing of Hutton's upon the consolidation of strata Mff j&i- 
sion, and that part of our theory which shows that the 
Earth, in moving outward from the Sun, mu^t hav^ 
been in an elastic fluid state ; and that it must gradu^ 
ally have been condensed, or cooled, in its return 
towards the Sun. This must have produced pheno- 
mena exactly corresponding with those which Huttoqi 
ascribes to subterraneous heat ; and completely obvi- 
ates the diflSculty which he and other philosophein^ 
have fbund in procuring fire to create this heat, or t^ 
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emue Hbnt fluidity, the former existence of which is so 
jevidentljr indicated by the present phenomena of the 
Earth. 

But however satisfactory the reasoning of Hutton 
may be with regard to the consolidation of the strata 
of the Earth, he certainly completely fails when he 
attempts to prove that the same process of forming and 
consolidating new strata is still going on at the bottom 
of the sea. He here falls into the same error of which 

. he accuses others ; he altogether deviates from that 
miode of reasoning from facts, with which he sets out ; 
' and wanders into the regions of opinion and imagina- 
tion. He does not attempt to shew, from experience, in 
digging to the greatest depths into the bowels of the 
earth, that there are any symptoms of that great sub- 
terraneoui^ heat, which his theory requires for the con-r 
•fiolidation of those strata which he supposes to be at 
present forming; and as to his means of procuring 
those materials for these new strata, by those operatiom 
. that are continually going on in re-dissolving the pre- 
sent surface of the earth, if we should even allow him 
that almost eternity of tin^e that would be necessary 

. lor producing materials* to form an e:iftensive stratum, 
of a|iy considerable thickness, still he giv^ us Ho satis- 
nctpi^''^dLea how these materials, carried down in a 
mingQ||^l||lJlf|ii(^by the rivers into, the sea, are there 
to be tepairate^, and formed into such distinct strata, 
as tho6fe.Whic^^ nature exhibits to us in the already 
formed earthy pe supposes the variety of strata to be 
• occasioned j[>y\t|te Changing of the currents of the ocean, 
and the lightj^est materials being carried out to the 
g^batest depths, and there quietly deposited. But the 
stsrata are certainly far too regular and uniform to be 
^counted for in this way. ♦ 

Those theories of the Earth that have been formed 
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by scientific men are generally founded upon Bont^ 
real discovery ; but a discovery not sufficiently exten' 
sive to rear a system upon. They have then recourse 
to an aerial or a sandy foundation for the remainder : 
they form a system, but it Is not the system of natote : 
if any thing solid or substantial is attempted to be 
raised upon it, it immediately falls to the ground. 

The solution, the suspension, the subsequent separa- 
tion, precipitation, and consolidation, of the matter of 
which the various strata are composed, in the present 
state of nature, present difficulties altogether nnsur- 
mountable. But our theory gives a ready solution of 
all the principal difficulties. With that immense at- 
mosphere which we suppose the Earth to have had, as 
it moved from the Sun, having a density at its under 
part equal, or approaching to, that of the body of the 
planet itself, and the whole matter of the Earth having 
then such high elastic powers, it is easy to conceive 
that a very great quantity of matter from its surface 
may have been sublimated or volatilized, and suspend- 
ed in the atmosphere. That such has actually been 
the case, is rendered extremely probable by the analogy 
of Saturn and Jupiter, whose present situations very 
•much correspond with what we suppose the ESarth's 
to have been when at its greatest distance fiHHn the 
Sun. In the one of these, we see matter actually de- 
tached from the body of the planet, and formed intiy 
rings ; in the other we see it floating in belts in its at- 
mosphere. During the dei^ent of the Earth firom its 
greatest distance to its present position, this matter 
suspended in the atmosphere must have been condensed 
and precipitated, along with the substance of the at- 
mosphere itself; the latter being converted into water, 
the former, more condensed, had sunk to the bottom^ 
where the more solid body, or nucleus of the Elarth, 
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being still in a state of elastic fluidity, differing nothing 
from that which we understand by fusion, would pro- 
duce all those effects npon the precipitated matter, in 
forming it into consolidated strata, which Hutton attri- 
butes to subterraneous heat. Again, the infinite gra- 
dation of density in the atmosphere, with the constant 
change, during the descent of tlie Earth, in the com- 
parative densities of the nucleus and that of the atmos- 
phere, together with the prodigious length of time 
which that descent must have occupied, (many thou- 
sands of years) affords ample room for the separation 
or change of the matter precipitated, and the forma- 
tion of that variety of strata which we find in the 
earth. * 

The only proof which Hotton attempts to give of the 
existence of subterraneous heat for the consolidation 
and elevation of strata, anil which his theory requires 
to be still in active operation, is that which volcanoes 
afford. He does not suppose that volcanoes themselves 
do produce those effects ; but he considers them as ex- 
hibiting a redundancy of that subterraneous heat which 
he supposes still to exist in the bowcLs of the earth. 
He does not, however, pretend to show any connection 
betwixt these volcanoes and that submarine heat, 
which ought to be so powerful and so extensive, to 
produce those effects which his theory requires. If we 
can find no heat connected with these volcanoes in the 
surrounding eartli, we can see no reason that there 
should be any at the bottom of the sea ; more especi- 
ally, as water Ls such a powerful conductor of heat, that 
if Huch heat could at any time exist, it would soon be 
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earned off and dissipated through the whole masfli of 
watei*s. 

But there is no reason whatever for befieving iu the 
existence of such processes as the Huttonian theory 
supposes to be still iu active operation, of the continual 
destruction and reformation of the strata of the globe* 
That this Earth has undergone no great change in th^ 
elevation of its strata since the deposition of the last, 
or the aluvial formations, is evident from a circum- 
stance that has been too little attended to by philosor 
phers, or rather never taken notice of at all ; viz^ tha^ 
notwithstanding the verj uneven and undulated ttato 
of its surface, there are comparatively very few places 
from whence the watensi do not find a declivity towardf 
the ocean. If there was any such power as the Hut- 
tonian theory supposes to be continually acting in the 
bowels of the earth, for elevating those imaginary new 
made strata, however slow in its operation, it must long 
ere now have deranged all those declivities by whic]^ 
the rain and spring waters are conducted to the sea: 
or rather, if such an elevating power was coutinually 
operating^ such regular declivities never could have 
existed. 

Our theory affords a remarkable confirmation of the 
idea suggested by De Luc, that sand has been formed 
by precipitation in a liquid. 

Sand forms a most extensive part of the secondaipy 
strata^ If the section, illustrative of the succession eC 
t^e secondary formations, and the distribution of pe*. 
trifactions, prefixed to Cuvier's theory of the E^th^ 
forms any thing like a just representation of the pro- 
portions of the different secondary strata, sand must 
constitute betwixt a third and a half of the whole. 
Whatever tends, then, to illustrate the origin of this 
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sabfltaiice mast be highly interesting in the theory of 
the Earth. 

Button wonld have us to believe that sand is a mo- 
dification of gravel, "sand, in general," snys he* "is 
no other than small fragments of hard and solid bodies, 
worn or rounded more or less by attrition. ' ' But sand, 
though not perfectly uniform either in substance, form, 
or size, is too much so to be compared to gravel. 
Hutton wished to make every thing bend to an agree- 
ment with his theory ; which supposes all strata to 
have been formed from the dissolution of others which 
previously existed. We may have loose sand from 
beating down sand-stone ; but this is not accounting 
for the origin of sand: for that sand-stone had evi- 
dently been in the state of loose sand previously to its 
consolidation. If we were to attempt to form sand 
from other stony substances, either by attrition, or by 
any of the ordinary dissolving powers of nature, w© 
should find by far the greater part left, either in large 
rough lumpsi, or reduced to an impalpable powder ; the 
proportion that would be left either of the size or form 
of sand, if it were possible to separate it from the rest, 
would be qnite inconsiderable. But there are no such 
quantities, either of these large lumps or atones, or of ' 
that impalpable powder, which would have been re- 
duced into clay, compared with the quantity of sand, 
and sand-stone, to warrant the idea of such an origia 
of sand. Whatever rounded stones and clay are found 
in the earth, have generally had their origin with 
gravel. These constitute only the last, or alluvial for- 
mations ; and have been formed from solid substancei 
by attrition in water, and by means of the other dis- 
wMng powers of nature ; but sand-stone, and couse* 
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qnently sand, had evidently been formed at a period 
long prior to these later formations. 

But there is no occasion for straining the imagination 
to form sand in the Huttonian way ; it has every ap-. 
pearance of a concretion, as De Luc supposes; and 
which our theory confirms. This renders the forma- 
tion of it plain and simple. We have only to conceive 
the matter to have been originally sublimated, and 
suspended in the atmosphere, and afterwards, as the 
Earth descended towards the Sun, condensed and pre-i 
cipitat^d, in the same manner as we every day see 
rain, and falling in drops among<tt the water, it would 
be there granulated, as metals are by a similar process, 
The sand, thus granulated, would, by its specific gra- 
vity, very soon sink to the bottom of the water, where 
it would be formed into solid strata, or sand-stone, 
varying according to the nature and degree of the heat 
or consolidating powers to which it became subjected, 

If such is the origin of sand, it vrill naturally be 
asked, how do we account for that other substance 
which forms so great a portion of the secondary stratt^ 
of the earth — rcalcarious matter ? We must certainlj 
draw the matter of which it is composed likewise from 
the ^'tmosphere : we cannot suppose some strata to be 
forming of matter precipitated from the atmosphere, 
' and at the same time other strata, alternating with 
these, to be forming of matter rising from beneath. 
Neither can we consistently ascribe the difierence of 
the matter, of which these different strata are composed, 
to any thing original whilst in the atmosphere. If the 
peculiar nature of sand is owing to the manner in 
which it was precipitated, we should ascribe that of 
calcaneus matter to the same cause. There seem jus^ 
two ways in which we can suppose its precipitation to 
have differed from that of sand ; either, it must have 
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been more quietly deposited in the water, without gra- 
nulatiou, and precipitated in that state to the bottom ; 
or, what is more probable, it had been precipitated 
from the atmosphere on that part of the Earth's surface 
which at the time was above the surface of the water ; 
bat ill the course of those vicissitudes which the Earth's 
surface was continually undergoing, both from its 
change of form to a spheroid less oblate, and from the 
constant accessions of water it was receiving from the 
atmosphere, this matter would become covered with 
water ; when there would be generated those marine 
productions, whose remains have so much excited the 
cariosity of the natural philosopher ; this calcarious 
Btratura being now covered with water, the matter next 
precipitated would, of course, be granulated sand ; 
and hence those regular alternations of silicious and cal- 
carious strata. These strata would long remain in a 
soft state : for the subterraneous heat, although it con- 
solidated, would not harden them ; they would only 
hecome gradually indurated or hardened as the 
Earth's velocity increased, and it approached its pre- 
sent position. The power of gravitation, or attraction 
of its parts, increasing with the Earth's velocity, that 
power had at last so overbalanced the opposite one of 
repulsion, that things acquired that indurated state 
which they now possess. 

There are various other stony substances, besides the 
silicious and calcarious found amongst the secondary 
strata of the earth ; but we appeal to the mineralogist 
if these may not be the same substances variously com- 
bined, or modified by the way in which they may have 
been operated upon in the great furnace of nature. 

There is one species of strata, viz. coal, which Hut- 
ton ascribes to a vegetable origin. But if coal has 
really been formed from vegetables, (which is not at all 
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improbable) it most have been bj a vei^ diflfereiit pi^ 
cess from what he suggests. He supposes the vegetable 
matter to have been dissolved in water, and carried 
along to the sea, and there separated from other mat* 
ter, only carrying down with it certain substances that 
are soluble in water ; and, being quietly deposited at 
the bottom, he supposes it to have been there consoli* 
dated by subterraneous heat ; and this process he ima* 
gines is still going on for the formation of new strata. 
That such a process is still going on is mere matter of 
opinion, and seems extremely unreasonable. Hutton 
makes no attempt to show any instances of such a pro- 
cess ; indeed he supposes it to take place at the bottom 
of the deep sea, where it is necessarily beyond our 
reach. This is putting the diffictdty out of sight, but 
it is not doing it away. 

From the immense quantities of animal remain^ 
found in various strata, it is evident that animal life 
had very much abounded during these former periodd 
of which we are treating ; and it is certainly not unreal 
sonable to suppose that there would likewise be very 
great abundance of vegetable productions : but if these 
have not been formed into coal, we do not see what 
has become of them. It may be difficult, indeed, t6^ 
form any very satisfactory notions as to the particular 
adaptation of the order of things that theft prevailed 
to the purposes of vegetation ; but it is easy to con- 
ceive that the surface of the earth would be more level 
than at present ; there would be more of it covered 
with shaUow water (for all the waters of the earth had 
not then been formed) with high elastic powers, cor- 
responding to what we would call great heat ; and the 
vegetable productions would partake of that general 
softness which then pervaded all matter. Such a state 
of things must certainly have been favourable for 1^ 
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great accnmulatioD of vegetable substances. Even in 
the present state of nature, we often find vegetable 
matter accumulated in vast quantities. In flow-moss, 
for instance, we find it to the extent of many miles in 
length and breadth, and many feet in thickness. If 
this were covered with other strata, and then exposed 
to the action of a Htroug subterraneous heat, would it 
not be reduced to a substance resembling coal? Wo 
offer this as mere conjecture ; but the subject is surely 
not undeserving of attention. 

A question here naturally occurs, how could animal 
and vegetable life be supported during the descent of 
such vast quantities of matter from the atmosphere ? 
Thig leads to the consideration, whether the precipita- 
tion of matter was continuous, or whether it was peri- 
odical. The precipitatioa we have supposed to be 
owin^ to the descent of the Earth towards the Sun ; 
but this descent we have no reason to suppose was con- 
tinuous or uniform. The Earth, it is likely, performed 
many revolutions round the Sun during its descent 
from its greatest distance. The present orbit of the 
Earth being an elipsis, we may certainly conclude that 
these revolutions, likewise, though not performed ia 
perfect elipses, must have been of an eliptical order. 
The precipitation of matter from the atmosphere would 
take place during the Earth's motion from the aphelion 
to the perihelion, leaving the period of its motion from 
the perihelion for the production of vegetables and the 
propagation of animals. From the distance at which 
the Earth then was from the Sun, and the slowness of 
its motion, a single revolution must have occupied a 
very long period of time ; so that, if other circumstan- 
ces were suitable, there is no difficulty in conceiving that 
during the half of one of these, both animals and vege- 
tables may have been propagated to a very great extent. 
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If it is considered inconceivable how animal and 
vegetable life could exist in one stratum, whilst another 
stratum beneath it was undergoing the process of fu- 
sion, we may observe, that it is not more wonderful 
than the different phenomena of heat and cold, which 
we every day perceive. We see that ice placed at the 
foot of a mountain will be readily dissolved into water, 
whilst water placed at the top of the same mountaul 
will be as readily converted into ice. On a common 
hotbed the most luxuriant vegetation is going on ; whilst 
within a few inches beneath, scarcely amounting to feet, 
vegetable matter is undergoing a rapid decomposition. 

Philosophers have commonly distinguished the strata 
of the Earth into primary and secondary. Those 
termed secondary are found to abound in organic re- 
mains: in the primary there is no such thing to b6 
found. This distinction perfectly coincides with our 
theory : we consider those as primary that constitute 
the original nucleus or body of the Earth. If vegeta- 
bles or animals existed before this was covered with 
other strata, their remains may be found upon it, but 
not in it. We consider those strata as secondary that 
have been formed of matter precipitated from the at- 
mosphere. These would, in succession, become the 
seat of animal and vegetable life ; and in succession 
become covered with new matter, deposited in a soft 
or loose state. The matter of the strata and the in- 
habitants would be mixed together, and afterwards 
consolidated by subterraneous heat. 

Hutton endeavours to refute the distinction of strata 
into primary and secondary. He labours to prove 
that those strata termed primary, are not altogether 
destitute of organic remains : but m this he does not 
seem to succeed. He finds, indeed, that they had 
been in a state of fusion like the other strata. He 
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might even have found that their fusion had been 
more complete : for that of the secondary strata ap- 
pears to have been little more than wa.s necessary for 
their consolidation ; whilst the primary had flowed' 
like subterranean lava, even amongst the secondary or- 
horizontal strata. Our theory readily accounts for this 
phenomenon. The surface of a hot body cools sooner^ 
than its central parts; in like manner, the secondary 
strata on the surface of the Earth had become indura- ' 
ted, frhilst the matter beneath was sttll fluid. Whilst 
the Earth was undergoing a chnnge of figure, from a 
more to a less oblate spheroid, these secondary strata," 
originally horizontal, must have been broken and shift- 
ed from their places. The fluid matter from beneath 
would then be forced into every opening and crevicw " 
in every direction, rising even as high as the top of the 
secondary strata ; and during this process, or that of 
itB cooling, it might be formed into whinstonet basaltes, 

That the secondary strata have been formed from 
matter precipitated from the atmosphere is corrobora- 
ted by this circnmstance, that these strata, though the 
same in kind all over the Earth, vary in extent or 
thickness in the diflferent latitudes, in such a proportion 
as onr theory woidd assign to the quantity of matter 
that had been suspended in the superincumbent atmos- 
phere of those latitudes, and from the ]>recipitatioD of 
which these strata have been formed. Our theory snp- 
poses the PJarth to have had at one period a figure much 
more oblate, with a centrifugal force bearing a much 
greater proportion to the power of gravitation than at 
present, and a great quantity of matter suspended in 
ita atmosphere. This atmosphere must have acquired, 
from the centrifugal force, a still greater oblateness than 
the body of the Earth itself: and the quantity of matter 
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sui^pended in it oyer any giyen extent of the Eartiik^t 
surfiaee must have been much greater towards iho 
equator than at tiie poles ; and, of coarse, when this 
matter came to he precipitated, the depositions wonld 
be much more extensiye in the former than in the latter* 
Now, this perfectly agrees with the observations of g&^ 
logists, who have found the secondary strata much less 
extexksiyein'the artic regions than in tlie lower JtJ&f. 
tudes, betwixt these regions and the equator* 

We have now shown the correspondence of our iheorjr. 
with Buffon's in regard to the common origin of aE 
the parts of the, planetary system ; with Hutton'a as tnk 
the consolidation of strata ; and with De Luc's idea ef 
the origin of sand. We come now to show its agree* 
ment with the formations and displacements of strata, 
and the revolutions which the surface of the Earth hasi 
experienced? as marked by the varied fossil oigaiiie re*^ 
mains found in the successive strata. Litde more wiB 
be necessary here than to transcribe Cuvier's descripjir 
tion of these phenomena, and compare it with eur 
theory as already delivered. This description <^ the. 
phenomena by Cuvier falls in almost as readily with 
eur theory as if it had been written on purpose to form 
a part of this work. 



'* § 4. Firsl Proofs of Revolutions oh the Suffaee isf 

the Globe, *» 

^^ The lowest and most level parts of the Earth, 
when penetrated to a very great depth, exhibit nothing 
but horizontal strata, composed of various substanceSf 
and containing, almost all of them, innumerable ma-^ 

* Theory of the Earth, ». 7. 
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rine prodoctions. Similar strata, with the same kind 
of productions, compose the hills even to a great heif^ht. 
Sometimea the shells are so numeroas as to constitute 
the entire body of the stratum. They are almost 
everywhere iu such a perfect state of preservation, 
that even the smallest of them retain their most deli-* 
cate parts, their sharpest ridges, and their finest aad 
tenderest processes. They are found iu places far 
abore the level of every part of the ocean, and in 
places to which the sea could not be conveyed by any 
existing cause. They are not only inclosed in loose 
sand, but are often incrusted and penetrated on all 
sides by the hardest stones. Every part of the Earth* 
every hemisphere, every continent, every island of anj 
size, exhibits the same phenomenon. We are there* 
fore forcibly led to believe, not only that the sea has 
at one period or another covered all our plains, bat 
that it must have remained there for a long time, and 
in a state of tranquillity ; which circumstance was 
necessary for the formation of deposits so extensive* 
so thick, in part so solid, and coataining exoviee so 
perfectly preserved. 

" The time is past for ignorauce to assert that these 
remains of organized bodies are mere laxuft nature, — 
productions generated in the womb of the Earth by it* 
own creative powers. A nice and scrupulous compari> 
son of their forms, of their contexture, and frequently 
even of their composition, cannot detect the slightest 
difference between these shells, and the shells which 
stiU inhabit the sea. They have therefore once lived 
in the sea, and been deposited by it : the sea, conse« 
quently, must have rested in the places where the de» 
position has taken place. Hence, it is evident, that 
the basin or reservoir containing the sea, has undergone 
some change at least, either in extent or sitaationi or 
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In both. Such is the result of the very first search, 
and of the most superficial obserration. 

^' The traces of revolutions become still more ap- 
parent and decisive when we ascend a little higher, 
and approach nearer to the foot of the great chains of 
mountains. There are still found many beds of shells ; 
some of these are even larger and miore solid; the 
shells are quite as numerous and as entirely preserved ; 
but they are not of the same species with those which 
were found in the less elevated regions. The strata 
which contain them are not so generally horizontal : 
they have various degrees of inclination, and are some- 
times situated vertically. While in the plains and low 
hills it was necessary to dig deep in order to detect the 
succession of the strata, here we perceive them by 
means of the vallies which time or violence has pro- 
duced, and which disclose their edges to the eye of the 
observer* At the bottom of these declivities, huge 
masses of their debris are collected, and form round 
hills, the height of which is augmented by the opera- 
tion of every thaw and of every storm. 

" These inclined or vertical strata, which fonn the 
ridges of the secondary mountains, do not rest on the 
horizontal strata of the hills which are situated at 
their base, and serve as their first steps ; but, on the 
contrary, are situated underneath them. The latter 
are placed on the declivities of the former. When we 
dig through the horizontal strata in the neighbourhood 
of the inclined strata, the inclined strata are invariably 
found below. Nay, sometimes, when the inclined strata 
are not too much elevated, their summit is surmounted 
by horizontal strata. The inclined strata are therefore 
more ancient than the horizontal strata. And as they 
must necessarily have been formed in a horizontal posi- 
tion, they have been subsequently shifted into theirin' 
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cUned or vertical position, and that too before the hori- 
zontal strata were placed above them. 

" Thns thesea,preriOTia to the formation of the hori- 
zontal strata, had formed others, which, by some means 
have been broken, lifted up, and overturned in a thou- 
Band ways. There had therefore been at leastone change 
in the basin of the sea which preceded ours. It had also ' 
experienced at least one revolution ; and as several of | 
these inclined strata which it had formed first, are ele- 
vated above the level of the horizontal strata which 
have succeeded, and which surround them, this revo- 
lution, while it gave them their present inclination, had 
also caused them to project above the level of the sea, 
80 as to form islands, or at least rocks and inequalities; 
and this must have happened whether one of their 
edges was lifted up above the water, or the depression 
of the opposite edge caused the water to subside. This 
18 the second result not less obvious, nor less clearly 
demonstrated than the first, to every one who will take 
the trouble of studying carefully the remains by which 
it 18 illustrated and proved. I 



" § 5. Proofs thai such Hevolufians have been nume- 
rous. 

" If we institute a more detailed comparison between 
the various strata and those remains of animals which 
they contain, we shall soon discover still more nume- 
rous differences among them, indicating a proportional 
number of changes in their condition. The sea haa 
not always deposited stony substances of the same kind. 
It haa observed a regular succession as to the nature of ] 
its deposits ; the more ancient the strata are, so much 
the more uniform and extensive are they ; and the 
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more recent they are, the more limited are they, aod 
the more rariation is observed in them at smalt dis- 
tances. Thns, the great catastrophes which have pro- 
dttced revolutions in the baNiii of the sea, were preced- 
ed, accompanied, and followed by changes in the 
natare of the flatd and of the substances which it held 
in solution : and when the flurface of the seas cntne to 
be divided by i!*Iands and projecting ridges, different 
changes took place in every different basin. JH 

" Amidst these changes of the general fluid, it mtt^| 
have been almost impossible for the same kind of aM^ 
mals to continue to live ; — nor did they do so in fact. 
Their species, and even their genera, change with the 
strata; and although the enme species occasionally 
recur at small distances, it is generally tlie case that the 
shells of the ancient strata have forms peculiar to them- 
selves ; that they gradually disappear till they are not 
to be seen at all in the recent strata, still less in the 
existing seas, in which, indeed, we never discover their 
corresponding species, and where several even of their 
genera are not to he found ; that, on the contrary, the 
shells of the recent strata resemble, a.s it respects the 
genus, those which still exist in the sea; and that, in 
the last formed and loosest of these strata, there are 
some species which the eye of the most expert na- 
turalist cannot distinguish from those which at present 
inhabit the ocean. 

" In auhnal nature, therefore, there has been a suc- 
cession of changes corresponding to those which have 
taken place in the chemical nature of the fluid; and 
when the sea last receded from our continent, its in- 
habitants were not very different from those which it 
still continnes to support. 

" Finally, if we examine with greater care these re- 
mains of organized bodies, we shall discover, in 1 
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midst even of the most aacieut secondary strata, other 
strata that are crowded with animal or vegetable pro-' 
dacttons, which beloug to the land and to fresh water J' 
and amongiit the more recent strata— that is, the strata- 
which are ucare»<t the surface— there are name of them 
in which land animaht are buried under heapfi of ma- 
rine productions. Thus, the various catastrophes of 
our planet have not only caused the different parts <^ 
oar continent to rise by degrees from the basin of the^ 
sea, but it has also frequently happened, that lands 
which had been laid dry have been again covered by 
the water, in consequence either of these lands sinkingf 
down below the level of the sea, or the sea being raised 
above the level of the lands. The particular portions 
of the Earth al^o which the sea has abandoned by its 
last retreat, had been laid dry once before, and had at 
that time produced quadrnpedw, birds, plants, and aU 
kinds of terrestrial productions ; it had then been in* 
undated by the sea, which has since retired from itj 
and left it to be occnpied by its own proper inhabitants. 

" The chnnges which have taken place in the pro-* 
dnctions of the shelly strata, have not therefore been 
entirely owing to a gradual and general retreat of the 
waters ; but to successive irruptions and retreats, the 
final result of which, however, has been the universal 
depression of the surface of the sea. 



' § 6. Prooftc fhal the Itepola/ions have been sudden. 



" These repeated irruptions and retreats of the sen 
have neither been slow nor gradual ; most of the ca* 
tastrophes which have occasioned them have been sud- 
den ; and this is easily proved, especially with regard 
to the last of them, the traces of which are most con- 
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spicQoufl. In the northern regions it has left the- 
carcases of some large quadrupeds which the ice had: 
arrested, and which are preserved even to the present 
day with their skin, their hair, and their flesh. If they 
had not been frozen as soon as killed they must quick* 
ly have been decomposed by putrifaction. But .ihi» 
eternal frost could not have taken possession of the 
regions which these animals inhabited except by tjbie 
same cause which destroyed them ; ^ this cause, there* 
fore, must have been as sudden as its effect. The 
breaking to pieces and overtummgs of the strata, 
which happened in former catastrophes, shew plainly 
enough that they were sudden and violent like the last : 
Q,nd the heaps of debris, and rounded peebles which 
are found in various places among the solid strata, 
demonstrate the vast force of the motions excited in 
the mass of waters by these overturnings. Life, there- 
fore, has been often disturbed on this earth by terrible 
events — calamities which, at their commencement, 
have perhaps moved and overturned to a great depth, 
the entire outer crust of the globe, but which, since 
these first commotions, have uniformly acted at a le9^ 
depth and less generally. Numberless living beings* 
have been the victims of these catastrophes; some- 
have been destroyed by sudden inundations, others 
have been laid dry in consequence of the bottoi9 o£ 
the seas being instantly elevated. Their races even 
have become extinct, and have left no memorial of 



* ^^ The two most remarkable phenomena of this kind, and which most 
for ever banish all idea of a slow and gradual revolution, are the rhino- 
ceros discovered in 1771 in the banks of the Vilhoui, and the elephant Ire- 
cently discovered by M. Adams near the mouth of the Lena. This last 
Trained its flesh and skin, on which was hair of two kinds ; one short, 
fine, and crisped, resembling wool, and the other like long bristles. The 
flesh was still in such high preservation, that it was eaten by dogs.'' j 
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f^em except some small fragment which the nattiraliat 
can scarcely recognise. 

" Such are the conclusions which necessarily resnlt 
from the objects that we meet with at every step of 
dor inquiry, and which we can always verify by exam- 
ples drawn from almost every country. Every part of 
the globe bears the impress of these great aud terrible 
events so distinctly, that they must be risible to all 
who are qualified to read their history in the remains 
f^ch they have left behind. 

" But what is still more astonishing and not le» 
certain, there have not always been living creaturet 
on the earth ; and it is easy for the observer to disco- 
ver the period at which animal productiona began to 
be deposited. 



" I 7. Proofs of the Occurrence of Revolution! befort 
the Existence of Living Beings. 

" As we ascend to higher points of elevation, and 
adrance towards the lofty summits of the mountains, 
the remains of marine animals, that multitude of shellg 
we have spoken of, begin very soon to grow rare, and 
at length disappear altogether. We arrive at strata 
of a different nature, which contain no vestige at all 
of living creatures. Nevertheless their crystallization, 
and even the nature of their strata, shew that t\iej 
also had been formed in a fluid ; their inclined position 
and their slopes shew that they also have been moved 
and overturned ; the oblique manner in which they 
sink under I he shelly strata, shews that they have been 
formed before these ; and the height their bare and 
rugged tops are elevated above all the shelly strata, 
shewB that their aommits have never again beea cover- 
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M by the sea since they were raised up out of its bo^- 

som. > 

** Such are those primitiye or primordial moontaiiui 
which traverse our continents in yarioos directions^^ 
rising above the clouds, separating the basins of die 
rivers from one another^ serving, by means of their 
eternal snows, as reservoirs for feeding the springs, and 
forming in some measure the skeleton, or, as it w^re^ 
the rough frame-work of the Earth. 

'' The sharp peaks and rugged indentations whiek 
mark their summits, and strike the eye at a great dis« 
tance, are so many proofs of the violent manner in 
which they have been elevated. Their appearance in 
this respect is very different from that of the rounded 
mountains and the hills with flat surfaces, whoee re« 
cently formed masses have always remained in the 
situation in which they were quietly deposited by the 
.sea which last covered them« 

" These proofs become more obvious as We approach. 
The vallies have no longer those gently sloping sides, 
or those alternately salient and re-entrant angles oppo- 
site to one another, which seem to indicate the beds of 
ancient streams^ They widen and contract without 
any general rule ; thei? waters sometimes expand into 
lakes, and sometimes descend in torrents ; and here 
and there the rocks, suddenly approaching from eaek 
►side, fortn transverse dikes, over which the waters fall 
in cataracts. The shattered strata of these vallies eX' 
pose their edges on one side, and present on the other 
side large portions of their surface lying obliquely. They 
do not correspond in height ; but those which on one 
side form the sumnut of the declivity, often dip so deep 
on the other as to be altogether concealed. 

^' Yet, amidst all this confusion, some naturalists 
-have tbbnght tiiat they perceived a certain degree .tif 
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order prevailiag, and that amon^t these immense becU 
of rocks, broken and orerturned though they be, a re* 
galar sacceasion ia observed, which is nearly the saia« 
in all the different chains of mountains. According to , 
them, the granite, which sunnounts every other rock, 
also dips under every other rock ; and is the most 
ancient of any that has yet been discovered in the ' 
place assigned it by nature. The central ridges of most 
of the mountain chains are composed of it ; slaty 
rocks, such as clay slate, grannlar quartz, {gres,) and 
mica slate, rest upon its sides and form lateral chains ; 
granular, foliated limestone, or. marble, and other cal* 
cnrioas rocks that do not contain shells, rest upon the 
alate, forming the exterior ranges, and are the last for* 
matioos by which this ancient uninhabited sea seems 
to have prepared itself for the production of its beds of 
shells. 

" On all occasions, even in districts that lie at a dis- 
tance from the great mountain chains, where the more 
recent strata have been dug through, and the external 
covering of the Earth penetrated to a considerablo 
depth, nearly the same order of stratification has been , 
found as that already described. The crystallized 
marbles never coverthe shelly strata; the granite ia | 
mass never rests upon the crystallized marble, except 
in a few places where it seems to have been formed of 
granites of newer epochs. In one word, the foregoing 
arrangement appears to be general, and must there> 
fore depend upon general causes, which have on all 
occasions exerted the same influence from one extrei 
mity of the Karth to the other. 

" Hence, it is impossible to deny, that the waters <rf ■ 
the sea have formerly, and for a long time, covered 
th^^Qtfiasses of matter which now constitute our high* 
eit motmtuns ; and farther, that thois watem, during 
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a long time, did not sapport any living bodiei. 
it has not been only since the commencwment of a 
life, that these numerous changes and rerolutions har* 
taken place in the constitution of the external cover- 
in^ of our globe. For the masses formed previoas to 
that event hai'e suffered changes, as well as those which 
have been formed since ; they have also suffered vio- 
lent changes in their positions, and a part of these as- 
Buredly took place while they existed alone, and before 
they were covered by the shelly masses. The proof of 
this lies in the overturningi^, the disrnptionfi, and the 
fissures which are observable in their strata, as well 
!n those of more recent formnlion, which ) 
even in greater number and better defined. 

" But these primitive masses have also suffered other 
revolutions posterior to the formation of the secondary 
strata, and have perhaps given rise to, or at least have 
partaken of, some portion of the revolutions and changes 
which these latter strata have experienced. There 
are actually considerable portions of the primitive 
strata uncovered, although placed in lower situations 
than many of the secondary strata; and we cannot 
conceive how it should have so happened, unless the 
primitive strata, in these places, had forced themselves 
into view, after the formation of those which are se- 
condary. In some countries, we find numerous and 
prodigiously large blocks of primitive substances scat- 
tered over the surface of the secondary strata, and se- 
parated by deep valliea from the peaks or ridges whence 
these blocks must have been derived. It is necessary, 
therefore, either that these blocks must have been 
thrown into those situations by means of irruptions, or 
that the valliea, which otherwise must have stopped 
their course, did not exist at the time of their b« 
transported to their present sites. 
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" Thus we hare a collection of facts, a series of 
epochs anterior to the present time, and of whick 
the saccessive steps may be ascertained with perfect 
certainty, although the periods which intervene cannot 
be determined with any degree of precision. Thew , 
epochs form so many fixed points, answering as rulsf 1 
for directing our inquiries respecting this ancicut chro* 
oology of the Earth." ' 

Cuvier here describes tlie earliest of these secondary 
formations as havin;;, from their appearance in extent 
and thickness, been deposited in a tranquil sea. Our i 
theory supposes these formations* to have begun to take 
place when the Earth was beginning to return from I 
its greatest distance from the Sun towards its present 1 
position. Its snrface being then perfectly smooth, the I 
first deposits would be unif6m11y extended over i 
whole surface ; and the quantity of matter suspended 
in the atmosphere being then gre&t, the depositioae 
from it would be the more copiouR. This, and the length 
of time employed in tlie first orbital revolutions, would 
more than compensate for the slowness of the Earth'* 
descent towards the Sun, which, and its consequent 
acceleration, we have supposed to have been the cause 
of the general condensation of the Earth, and the pre- 
cipitation of matter from its atmosphere. The matter 
thus precipitated would be gradually condensed into 
regular solid strata ; but the Earth continually change j 
ing its form to one less oblate, these strata must hars i 
been broken in a variety of ways, and shifted front 1 
their original positions ; this must have presented a leu 
even surface for receiving the succeeding depositions I 
from the atmosphere; these again, in their turn, would I 
be consolidated, broken, and shifted from theirplaces. ^ 
Thus, in general, every succeeding stratum would be 
len regular than the one which preceded il ; and 
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though the total quantity of water would be continu- 
ally increasing, the surface of the Earth would be less 
regularly covered by it: whilst some parts of the 
broken strata would be sinking beneath the waters^ 
others would be rising above them, forming continents 
and islands. In such general commotions it is impos- 
sible that the strata could have retained their original 
horizontal positions : whilst one edge would be sinking 
beneath the general surface, its opposite side would be 
rising above it and forming a mountain. It is natural 
to imagine, that in some cases, the rents in the strata 
would be very extensive; and hence the extent of some 
ridges of mountains. 

As the quantity of matter suspended in the atmo- 
sphere became gradually reduced, the depositions 
would be more and more limited ; corresponding with 
the observation of Cuvier, that the later formed strata 
are not so thick as the earlier formations. 

We must here observe a discrepancy in the reasoiit 
ing of Cuvier in the above extract. " Life" says hs 
^< has been often disturbed on this Earth by terrible 
events — calamities which, at their commencement, 
have perhaps moved and overturned, to a great depth, 
the entire outer crust of the globe ; but which, since 
these first commotions, have uniformly acted at a less 
depth, and less generally." And afterwards (which 
is certainly the more correct opinion) he says, " but 
these primitive masses have also suffered other revolu-p 
tions, posterior to the formation of the secondary strata, 
and have perhaps given rise to, or at least partaken of, 
some portion of the revolutions and changes which 
these latter strata have experienced." Wherever the 
secondary strata have been moved or elevated after 
their first formation, it evidently has not been by a 
power acting iinmediately on these strata, without 
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moving at the same time those beneath : for had that 
been the case, a vacancy must have been left where 
that power operated. But no such vacancies appear; 
and the whole appearances are such as can only be 
accounted for by the simultaneous elevation of all the 
strata beneath, even down to the original nucleus, 
termed the prunary strata. This, being still in a state 
of fluidity or fusion, would invariably fill up the space 
deserted by the elevation of the secondary strata ; and . 
hence, the deeper the strata, the more nujnerous the 
changes or elevations they have suffered, and the more 
vertical the positions in which they are now found. 

No other cause than that which our theory assigns 
could have acted so generally over the whole Earth, 
or have agreed so perfectly with that observation of , 
Cuvier's. " In one word," says he, " the foregoing 
arrangement appears to be general, and must there- 
fore depend upon general causes, which have on aU, 
occasionH exerted the same influence from one ex- 
tremity of the Earth to the other." 

There is evidently the most striking agreement, too, 
betwixt our theory and the above view given by Cuvier, 
of the gradations in the fossil organic remains observ- 
able in the secondary or horizontal strata of the Earth, i 
" Amidst these changes of the general fluid it must , 
have been almost impossible for the same kind of 4 
animals to continue to live ; — ^nor did they do so 
fact. Their species, and even their genera, change . 
with the strata." It is impossible that animals, at all J 
corresponding to the greater part of those which at I 
present inhabit the Earth, could have existed when I 
these secondary strata first began to be formed. That j 
universal softness which then pervaded all mattef 1 
could never produce that firmness of texture which 
their present bodies possess ; still less could it alford 



152 INVESTIGATION OF THE PRINCIPLES 

any thing corresponding to those bones which are III 
present so essential to the support of their frames ; or 
even if such animals had been formed» they could 
not have had a firm ground on which to tread. If any 
kind of animals, at all resembling those which are at 
present on the Earth, had then existed, they must haroi 
been of the softer species. According to the above 
account of Cuvier, they had been shell fish : but the 
shells of even these could not have had that hardness 
which they now possess. Those shells which they ap' 
pear to have had must have been afterwards, hardened 
along with the strata in which they were enveloped. 
And such appear, from the preceding view of Cuvier^ 
to have been the firrt inhabitants of the EUurth— ani* 
mals which seem to have had almost no resemblanee 
to any of those which at present exist. But accordiiig 
to the gradual and successive changes which took 
place in the strata, and the general constitution of 
nature, so the animal creation had undergone regular 
and successive changes, coming gradually nearer and 
nearer in similitude to the present inhabitants of the 
Earth, till they at last arrived at their present state 
of perfection. 

Cuvier supposes there was a time when there were 
no living creatures on the Earth ; because he finds 
strata which had been in a fluid state, but which <um« 
tain no animal remains ; and these strata, from their 
nature, he imagines must have been formed in a fluid. 
It is remarkable that the generality of philosophers 
can never conceive matter to be reduced to floidJUy 
without the agency of other matter originally or esseii- 
tially fluid. Do we not every day see metals, glass, 
and other kinds of matter, rendered fluid by fusion ? 
And this was certainly the original state of the nucleus 
of the earth; and these strata in which Cuvier oan 
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find no animnl remains hod at one time formed tho 
exterior of this nucleus. That animals should hftve 
lived in such strata appears impossible ; whether . 
any had lived on them may be doubtful ; though we ■ 
should rather imagine that there had beeu living anl* ( 
mals there, but in the lowest state. The fusion of thtf I 
original nucleus might not be inconsistent with the eX« 
istence of animal life upon its surface; it might httA 
calculated to destroy life and consolidate strata only f 
when covered with other matter. Vet, if we trace \ 
backwards through those various stages by which living 
creatures have been brought to their present state of 
maturity, we find them degenci^ing so very fast, that 
if any had existed upon the primary nucleus they must 
have been in the very lowest state of animal life. 
However wonderful it may at first sight appear, that 
the pace of animals from so low a state should have 
been progressively brought to what they now are, it in 
perfectly confonaablo to the ordinary course of nitture ; 
we see nothing brought to perfection at once, but by 
degrees. The discoveries in comparative anatomy show 
the most evident, though often distant, resemblancB 
betwixt the corresponding parts of man and other land 
animals. This greatly strengthens the idea, that there ■ 
has been something common iu their origin ; and that 
those diversities in genera and species iire owing to the 
peculiar circumstances by which they have been affect- 
ed in their different stages of maturation. 

Have land and water animals been originally dis- 
tinct ? Or, may the two be connected by means of the 
amphibious kinds? Comparative anatomy finds little 
or no resemblance between them ; and an it is evidant 
that there must always have been water on the Earth 
since the commencement of its condensation, when the 
creation of animals perhaps first began, or at least when 
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there wonld be a remarkable epoch in their formatloa ; 
and aa it is likewise extremely probable that, in the 
midst of all its revolutions, gome parts of the Earth 
vrould alwayn be above the water, ou which would be 
preserved a part of the land aaimals from the {Efreat 
deNtructioD that must frequently have taken place ; we 
fihould therefore conclude, that there has always been 
a distiuction betwixt land and water animals from the 
beginning. Or, perhaps, by goinf; still farther back, 
we may trace the origin of both kinds of animals to 
the atmosphere, which might long afterwards contiane 
to be the principal element *»f those whose progeny- 
were ultimately destined to inhabit the land. 

It seems tu require one kind of talent to collect and 
prepare materials, and another to form a system of 
them ; to effect both is perhaps beyond the ability of any 
one man. However just may be Cuvier's observations 
ou the shifting of the earlier, and the subsequent for- 
mation of later strata ; and however much we may 
admire his investigation of fossil organic remains ; yet 
the way in which he supposes these things to have been 
brought about is altogether inadmissable. In the ex- 
tract which we have made from his work, he supposes 
ft the various changes that had taken place in the living 
animals, whose remains are enclosed in the different 
strata, had been owing to a change in the nature of the 
fluid in which they had lived ; but, in a subsequent 
part of his work, he says, " I do not pretend that a 
new creation was reqnired for calling our present races 
of animals into existence. 1 only urge, that they did 
not anciently occupy the same places, and that they 
iQust have come froin some other part of the globe," 
Had the changes, observed in the animal remains, been 
merely changes of species or genera, this might h 
done well enough to have supposed them brought ti 
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other parbi of the globe ; but they have evidently been 
aniniBls of an entire different nature — animals that 
must have required, not merely a change in the posi- 
tion, but a change in the nalure, of the fluid in which 
they lived. To suppose the animals to have been 
brought from a different" part of the globe, is merely 
shifting the difficulty ; it i» not solving it. The inves- 
tigations that have been made in the strata, show that 
these are generally the same all over the Earth, Whe^ 
time shall have afforded opportunities for investigatini 
the animal remains in the corresponding strata in alt J 
the different parts of the Earth, it is more than proba-. J 
bie that these will likewise be found, not indeed per.^^ 
fectly similar, (for we find ver^ different animals afel 
present in the different quarters of the globe,) but such, 
as must have required similar elements for their exist- 
eace. We shall find them beginning with the simplest 
state of nature in the earliest formations, and going 
through the various stages of refinement, till we come 
to those at present inhabiting the surface. Thus, the 
same progressive improvement will be found to have, '. 
taken place in all the different quarters of the globe.j , 
But this general improvement could never have been," i 
brought about by the mere shifting of animals from 
one part of the Earth to another ; it must have beeii^ 
produced by " general causes, which have on all occa<^ ] 
sions exerted the same influence from one extremity oj^ J 
the Earth to the other." 

Again, with regard to the phenomena of the varioui. 1 
strataof theEarth, Cuvier is of opinion that these afford \ 
evident proofs of frequent irruptions of the sea — that 
these irruptions have been caused by the depression of | 
the land, and the elevation of the bed <»f the ocean — 
that these depressions and elevations had frequently oc- 
curred j indeed, according to his view of the subject, 
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- they most have occnrred as often as there are strata 
which indicate having at some period formed dry land. 
But if these alternate elevations and depressions had 
happened so frequently to the surface of the Earth, 
after it had been completely indurated, irregular as it 
is, it would have been much ftore so ; the continents 
would have been entirely broken to pieces. There is 

4'still one remarkable instance of regularity observable 
0m the surface of the Earth, which we have already 
taken notice of, viz. that there are comparatively vei^ 
few spots from whence there is not a declivity towards 
the sea. But this regularity could never have existed 
after that order of ^ngs which Cuvier supposes to 
have prevailed. Th^whole continents must in that 
event have been divided into islands, or at least much 
more interspersed with lakes or pools of water than 
they at present are. There are certainly very evident 
prooft in many of the strata beneath the Earth^-s sur- 
face of their having been at one time covered by the 
waters of the sea ; but the appearance of the present 
surface of the Earth does not all correspond with those 
ideas which we would naturally form of the bed of the 
ocean. Tt exhibits indisputable proofs, however, of 

^having been at some time or other subjected to the 
action of strong currents of water ; at least in all the 
lower grounds. Hence, it is evident, that, to account 
for the phenomena, we must look for something else 
than simple depression and subsequent elevation from 
the bottom of the sea. We shall here give Cuvier's* 
ideas, with regard to what he reckons the last revolu-. 
tion, in his own words : — 

" Concluding Reflections. 

" I am of opinion, then, with M. De Luc and M. Do- 
^mleu, That, if there is any circumstance thoroughljc 
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established in geology, it is, that the crust of our globe 
lias been subjected to a great and sudden revoliitiun, 
the epoch of which cannot be dated ranch farther baolc 
than five or six thousand years ago ; that thin revolu^ 
tion had buried ali the countries which were inhabited I 
by men and by the otl#r animals that are now b 
ktiown ; that the same revolution had laid dry the 1j 
of the laHt ocean, which now formn all the countries atU 
present inhabited; that the small tmmber of indivi« j 
duals of men and other animals that escaped from t 
efiects of that great revolution, have since propagated! J 
and spread over the lands newly laid dry." 

Cuvter here supposes that this imaginary old contirf' 
nent was destroyed, and the new one formed, by o 
and the same revolution. But had such un event oc>b | 
I carred in such a way, theru must not only have beeit> 
an immense destruction in the number of animalH^ | 
bat many species, and even genera, of the old contin 
nent, must have been extiuguiKhed ; indeed we cannob ' 
conceive how any cuuld have escaped, except a few 
that might tly to the tops of the highest mountainai^ I 
which, we shall suppose, form those islands scattered! ] 
through the sea ; we do not see how it is poasihle that 
any could make their escape to the new formed land,., 
If the continent of America, for instance, were just now- 1 
to be buried in the sea, except the tops of a few of thei 
highest mountains, the coasts and all the low ground* i 
would be first covered with the waters, and all the in-, I 
habitants drowned, but a few that might fly to thesflk | 
inoantains, where they would be preserved as o 
many islands ; but we do no see how any could escape 
to the continents of either Europe, Africa or Asia. 

Again, let us suppose a- new continent to be rising in 
the midst of the Atlantic ocean. It is impossible to 
conceive how this conUueiit is (o be stored with ani- 
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mals, except from the few amnll i.sland8 that are in it : 
it could get none from the old continent. This new 
continent muxt bef^in to ri^e above the waters eithcroa 
the coasts or in the central parts. If the latter, which 
would be the more natural way, as the central parts 
are ultimately destined to rise to the greatest height, 
then there would always be a great body of water be- 
twixt this new rimng continent and the old, which 
would completely prevent nil access of animals from 
the one to the other. Or, if we suppose the coasts of 
the new continent, and which we shall grant to be im- 
mediately adjoining those of the old, to rise first above 
the waters ; then the whole mass of water would be 
accumulated upon the central parts ; and as these 
afterwards rose, it would be poured over the coasts, 
drowning every living creiiture that had taken refine 
there from the wreck of the former land. But even 
making every allowance possible for the escape of ani- 
mals from the old continent to the new, unless we bring 
in on every occasion an Ark and a Noah, with miracu- 
lous powers, it is evident that many kinds must have 
been completely destroyed ; or rather, comparatively, 
few kinds could have been saved. It certainly will not 
be asserted, however, on comparing the remains found 
in any of the strata, which had constituted the former 
surface of the Earth, with the number of kinds at 
present existing, that there is any probability of snch 
complete destruction having ever taken place. What- 
ever difference there may be betwen the fossil remains 
found in these strata, and the animals at present in ex- 
istence, there is certainly no diminution in the numbers 
of genera or species. They have been changed but not 
destroyed. 

Independent of all this reasoning, there is a remark-^ 
ablo circumstance mentioned by Cuvier himself, wfai 
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shows that there had been no int«rconrse of quadru- 
peds between America, and either Enrope, Asia or 
Africa, till America was discovered by the Spaniards. 
" Thns" says he, " when the Spaniards first penetrat- 
ed into South America, they did not find it to contain 
a single quadruped exactly the same with those of 
Enrope, Asia or Africa." This most satisfactorily 
proves that there had been no connection between the • 
new continent and the old, from the first creation of 
quadrupeds till it was discovered by Europeans ; at 
least no such connection as permitted the conveyance 
of quadrupeds from the one to the other. But had 
these present continents been stored with quadrupeds 
from former countries, existing either in the Atlantic 
or Pacific oceans, it is impossible butsomeof the same 
kinds must have escaped to both sides. This is a very I 
important point in forming a theory of the Earth ; not 
only as it shows that there has been no connection be- 
twixt the two continents since the creation of quadru- 
peds, but likewise as it is possible to trace whether, in 
the corresponding under strata in the two continents, 
there is the same difference in the remains of land ani- 
mals as has been found upon the surface. If there is, 
we should imagine these continents never to have been 
joined since their first separation by water; or, if these 
remains shall be found to be the same in any of the 
under corresponding strata, it will show at what period 
the separation had taken place. In the mean time, 
we should consider the separation to have taken place 
previous to the creation of those animals in their most 
simple state, from whence the present race of quadru- 
peds have been produced. When Cuvier considers it 
as one of the circumstances most thoroughly estab- 
lished in geology, that the present bed of the ocean 
hkd Rt one time formed the habitation of men and 
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other animals, he offers no positive proof of it ; biit« 
like many other philosophers who consider the present 
quantity of water to have always existed on the Earth, 
he could find no other means for covering the present 
land but by depressing it and elevating the present bed 
of the sea. But- our theory accounts for this wonderful 
phenomenon by more simple means. Instead of those 
numerous, violent, and alternate elevations and depres- 
sions, we conceive all the phenomena may be accounted 
for, and, much more satisfactorily, by elevations alone : 
elevations not continuous, however, but- periodical, as 
the stratification near the surface would lead us to expect. 
We have supposed that the Earth in descending from 
its greatest distance from the Sun^ towards its present 
orbit, had moved in an orbit of an eccentric order ; we 
have supposed the precipitation of water from the at* 
mosphere, as well as of that opaque matter of which 
the horizontal or secondary strata are formed, to have 
taken place when the Earth's velocity was accelerated, 
or during its motion from its aphelion to its perilielion ; 
but while moving in the other half of its orbity on the 
contrary, we considered that this precipitation from 
the atmosphere would cease. In the course of time, 
as the external crust began to cool and harden, and 
the figure of the Earth to change, these strata, as for- 
merly observed, must have been rent and broken in a 
variety of places, and the matter of the original nucleus 
forced up through the rents, elevating the adjoining 
edges of the horizontal strata. As it is the nature of 
heat to propagate itself most readily where the matter 
is homogeneous, and to rise where matter, is accumu- 
lated in heaps, so the central heat would ever after 
act with the greatest force upon the primary matter 
forced up through these original rents. This central 
heat would likewise act with the greatest efficiency 
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whilst the Earth was moving from its perihelion to its 
aphelion, as the velocity of the Earth, and consequent- 
ly the power of gravitation, was not increasing, but 
probably retrograding, during that period. In this 
part of the Earth's orbit, then, elevations would take 
place, and dry land would be formed ; whilst in the 
other, or the descending half of its orbit, the lower 
parts of this dry land would agaiu be covered with wa- 
ter, and a stratum of other matter precipitated from 
the atmosphere. Thas, we have a continued alterna- 
tion of elevations and coverings of water and other mat- 
ter, without any sinking or depressions of the land; at 
least any general depressions, or Bucli as would extend 
to whole continents ; for in the general convulsions there 
must have been many partial depressions of strata. 
Let it always be understood, we mean here, relative 
elevations and depressions, as the whole mass of the 
Earth was, during this period, condensing or concen- 
trating into less bulk. 

According to this view of the subject, the bed of the ■ 
deeper parts of the ocean have never formed dry land. J 
since the beginning of the formation of water. Those I 
parts, indeed, that Ke towards the shores may hare 
been above the waters at the earlier periods of the 
depositions from the atmosphere; but it is nut like- 
ly that even these have ever formed dry land since 
the formation of the hJarth was completed. It is ex- 
tremely probable, that many parts of what now forms 
the same continent had at one time been separated by 
water, until connected by the formation of secondary 
strata, and their subsequent elevation. The complete 
separation of the continents from the beginning, ac- 
counts, not only for the difference in the quadrupeds 
which inhabit them, hut likewise for the differences 
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observable in the figure and complexion of the hQH 
species iu the dlffiTent qnarters of the globe. 

We haye another proof of our theory in a remarkable 
phenomenon that has much excited the vonder and 
curiosity of naturalistH, viz. those immense collections 
that are found in the coldest regions of the Earth of the 
remains of animals whose species are now utterly in- 
capitble of living there, and are at present found only 
in the tropical regions. This receives a ready solution 
from that great original heat which we have assigned 
to the primary nucleus of the Earth ; and which must 
have rendered every part of it RufBciently warm for 
every species of animal and vegetable life. 

That the polar regions had been warmed by original 
subterranean heat is corroborated by another circam- 
stance — that towards the south pole the cold is so much 
greater than towards the north. Water is a more ready 
conductor of heat than earth is ; and by the greater 
quantity of water at the south pole than at the north, 
more of the heat has been carried off by evaporation into 
the atmosphere. Did the Earth derive its heat abso- 
lutely from the Sun, this difference of heat in these 
opposite parts ought not to exist, or rather it should 
be reversed; for water being such a ready conductor 
uf heat, it should convey the greater quantity from the 
torrid zone to the south pole. 

From the phenomena on the Earth's surface being 
so much more open to our inspection, it might have 
been expected that philosophers would have attained 
to more correct knowledge with regard to these than 
the interior strata ; but it does not appear that they 
have. They present us with nothing on this subject 
but the most vogue ideas and conjectures about de- 
luges, and irruptions of the sea, and revolutions and 
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catastrophes. They have evidently eonsulted theip 
imsgiaations more than either their bodily or their 
mental eyes ; otherwise they might have discovered 
much regularity even in the midst of all the seeming 
confusion that prevails on the Earth, and evident indi- 
catioos of the causes that have operated to prodiicfr 
the present state of thing», But we need not be sur- 
prised at the inconsistencies and absurdities of their 
theories, so long as they endeavour to make them ac- 
cord with the ridiculous story told, or said to have been 
told, by Moses about an universal deluge. 

It is hardly possible to penetrate any of the lower 
partfl of the Earth's surface, where it does not consist 
of solid rock, without perceiving evident proofs of the 
former action of water. Hence, it is easy to aecounty 
without either tradition or revelation from heaven, for 
the vague ideas of a deluge that have been entertained 
by men in all countries and all ages. But the acuta 
examiner must very soon perceive that these appear- 
ances are by no means such as can be accounted for by A 
mere covering of the Earth with water. The water mast 
have been in motion, and moving with great rapidity. 
We see great quantities of gravel, that has evidently 
been formed from the consolidated strata, broken an<l 
worn down by attrition in water. We see immenss 
quantities of clay, consisting of the matter that has 
been more finely worn down by the friction in forming 
the gravel. We find great quantities of sand ; some 
by itself, forming banks or horizontal strata, and much 
of it mixed with other matter. It is possible that the 
state of part of this sand may never have been changed 
since its first formation ; but from the great quantitiea 
of sand-stone found amongst the gravel, a great part of 
this loose sand must certainly have been produced in 
the forming of this gravel. All these phenomena indi^ 
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cate the former existence of strong corrents of wa- 
ter on the snrface of the Earth, where nothing of tb» 
kind is now to be seen. 

Bat we have the stron^st eHdence, too, that the 
direction of these curronts, at least in our northern la- 
titudes, had been from west to east. When we exa- 
mine the form of the hills situated in the Tallies or low 
grounds, we find that they are all more elongated from 
west to east than from south to north ; — ^we find» too, 
that their west ends are all more precipitous than their 
east. From this we must naturally infer thataU the 
soft and loose materials had been swept away from 
their west end, whilst at the east they had found shelter 
from the violence of the current, and there formed a 
bank sloping gradually down to the level of the plain. 
For effects so uniform and extensive we can conceive 
no other cause, than that the waters of the ocean had 
moved over these lower parts of the Earth's surface 
from west to east, with very great rapidity, and for a 
very long period of time. 

We have a remarkable proof of the former existence 
and direction of this current of waterln the tract of the 
Caledonian Canal ; besides many other instances, even 
in Great Britain, where the waters of the sea have ran 
across the island ; but there, from the particular nature 
of the channel in which the waters had run, being 
lined on both sides with very high mountains^ the cur- 
rent had been very much concentrated, and conse- 
quently the effects it has left behind are the miore 
striking. The whole of this tract, from sea to sea, 
consists of a continued chain of lochs or lakes, whose 
surfaces are very little above the level of the sea ; and 
which are separated from one another only by small 
necks of land ; consisting almost entirely of gravel of 
the coarsest nature perhaps any where to blB found. 
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It is tbiii last circumstance, indeed, that has proved 
Bach an obstrnction in the completion of the above 
canal ; a work which otherwise seemed of very easy 
accomplishmcAt ; but from the coarseness and porous- 
ness of this gravel, it has hitherto been found impossi* 
ble to make the banks sufficiently retentive of water. 
The most superficial view of these lochs, separated as 
they are only by small portions of gravel, must satisfy 
any one that there has been here at one time a violent 
current of water from the one sea to the other. And 
that the direction of the current had been from west to 
•ast, is evident from this circumstance, that the farther 
xiBat the gravel, that had been carried along with the 
current, becomes finer and finer, and more mixed with 
sand ; the coarser gravel, being more capable of resist- 
ing the action of the water, had first subsided, whilst 
the finer parts were carried farther along, till we come 
to the eastern estuary, where the water having room 
to spread, and the violence of the current, of course, 
had abated, it has there deposited almost pure sand ; 
and the, whole soil there, for several miles from the 
coast, is of so light a,ad sandy a nature, that in many 
cases it is blown with the wind ; and that to such an 
extent, indeed, as to have attracted the attention of 
the Highland Society of Scotland, which has been of- 
fering premiums for the best mode of covering it with 
a sward of grass. 

But however evident may appear the former, action 
of water on the lower parts of the Earth's surface, 
when we ai^cend the mountainous districts we perceive 
a very different order of things : it does not appear 
that ever these parts have been covered with water 
since they were finally elevated to their present situa- ' 
tions. Some philosophers, indeed, have amused them 
selves with the idea, that all these vallies and hollows 
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which xoparate the different moantaina ere the beds) 
80 many former riverg. But this is a mere vagarjr 
the ima^iuation : it in impossible in the present Hitus- 
tion of these rallies to conceive a source from whence 
water could come to fori>i such rivers. Before we can 
suppose this at all possible, we mnst suppose these 
mountain districts, and the present plains below, to 
have interchanged conditions. The mountain districU 
must then have formed the Tallies, aud the proi^ 
rallies must have formed the higher grounds, 
evident, however, to the most superficial obsen 
that the general appearance uf the mountain disti 
is altogether different from that of the plains beli 
and it is as evident that these plains have 
Btitnted mountains; and the more narrowly we examine 
them the greater does the difference of these districts 
appear. But without proceeding to prove by many 
arguments that this interchange of conditions betwixt 
the mountains and the vallies has never taken place, 
we shall merely offer two proofs, which seem never to 
have been taken notice of by philosophers, but which 
seem perfectly decisive of the point. In the first place, 
in the mountain districts we do not iind in the indivlduaJ 
mountains that uniformity of figure observeable in the 
hills in the plains; — we do not find them more elon- 
gated from west to east than from south to north ; — we 
do not find thera more precipitous in their west than 
in their east ends, and tapering off with a bank of al- 
lorious matter at their eastern extremities ; M'hicb 
things are almost universally observeable in the hills 
situated in the plains. In the second place, in the 
mountain districts we find no extensive alluvions for- 
mations, as in the plains ; no extensive beds or hanks 
of sand or gravel; or, generally speaking, we find 
tn'Avel at all. In the little vallies among the mounti 
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we discover many fnnall allaviouH formatlona deposited 
by the rivulets ; but in these, although we find abun- 
dance of small stones having their sharper pointa wora 
o& by friction, we aee none completely rounded into 
gravel. Neither is it to the hardness of the materials 
that this can be ascribed ; for we find these ajipearancea 
amongst mountains where the materials are as soft and 
loose as in the plains. 

In certain extensive mountain districts, indeed, where , 
the rivulets are collected into rivers, and where thei* I 
action is more Tiolent, and the stones moved along" 
with them have been carried over a longer course j 
there, we may find them completely rounded into gro* i 
vel. On the sides of extensive lakes, too, we find perfect 
gravel, formed by the constant fretting action of the 
wares breaking npon their shores. In both these cases, 
while we see the gravel, we likewise see the causes 
that have produced it ; but we see none in those ima- 
ginary deserted beds of former rivers. 

On the other hand, when we examine those plains 
in the lower grounds that have been overrun with the 
waters of the sea, we find the whole surface covered 
with clay, sand, gravel, or other alluvion, excepting 
here and there where it is broken through with rock 
forced up from beneath, generally forming hills or 
mouDtains ; though frequently rising only to the com- 
mon level of the surface, where the decomposing powers 
of the atmosphere and water have reduced part of it 
to a mould, fit for the purposes of vegetation. Every 
stone found amongst the alluvion in these plains affords 
proofs of having been rolled and rounded by attrition 
in water ; and many of them are of such a size as to 
show that the power by which they had been carried 
along must have been very great. 

The height, too, to which the waters had risen in 
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these plains may be easily discovered: by obsenrinf 
the loose stones lying upon the surface we at once see 
whether they are rounded or not ; and hence we can 
readily trace the boundary betwixt the plains that had 
been last overrun with the waters of the sea, and the 
mountain districts which had not. It affords a striking 
instance of the carlessness with which philosophers 
have made their observations that this circunostance 
should never before have been discovered ; at least by 
moderns. i 

The ancient Chinese seem to have made more cor-^ 
rect observations with regard to the acticin of the 
waters upon the Earth than our modern Europeans have 
done. Th^ Chou-King, the most ancient of the Chinese 
books, and said to have been compiled by Confucius, 
begins the history of that country with an emperor^ 
Yao, whom, in the following terms, it represents as 
having let loose the waters upon the Earth : ^^ Having 
raised himself to heaven, Yao bathed the feet of the 
highest mountains, covered the less elevated hills, and 
rendered the plains impassable. '' * 

Modem philosophers pique themselves on their si^- 
perior penetration in discovering marine organic re- 
mains in the more elevated strata, even in the high 
mountainous districts; and many of them have con- 
sidered this as a proof of the Mosaic account of the 
deluge, and of the waters of the sea haying covered 
those parts. But no mind, that is not perfectly warped 
by prejudice, could ever view these phenomena in this 
light; they are altogether different from what w« 
should expect from a mere covering of water. These 
remains must have been deposited there previous to 
the consolidation of the strata in which they are found; 

• Cuvier's Theory of the Earth. 
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Snct tbe coBsOlidatioD of these strata moat have taken 
place pfevions to their elevation to their present posi- 
tions. We find some men, indeed, eminent for their 
phUosophica! attainments, seriously endeavouring to 
prove that these elevated and inclined strata have gene- 
rally been formed in their present positions. Bnt this 
is certainly in perfect opposition to all the plainest die-' 
tates of reason : If such parts ever were covered witK 
■water, (he whole Earth must have been covered to the 
rame height; and where are such quantities of water 
to be produced ? Or, if ever they existed, what is be- 
come of them ? And, even if we could account for thit 
fieeessary quantity of water, how is it possible that thff 
itiatter of which these strata are formed could be sup- 
ported, in a fluid atate, in their inclined positions^ 
dnring the process of their orystaUization ? In shorty 
irhen we see men advancing such opinions as these, wtf 
Are ^most tempted to donbt whether there is any thin^ 
in the haman mind, on which we can rely, to enablo 
UB to distinguish truth from error. 

All those marine productions that are found in the 
more elevated strata must have been deposited ia 
them previous to the elevation of these to their presenti 
position. There is not the smallest reason for suppos- 
ing that these strata have ever been covered with wa- 
ter since that period ; which is a thing, in every point 
of view, that seems physically impossible. The last 
great operations of water on the surface of the Earth 
are to be discovered only in the last formed, or alluvial 
strata ; and these evidently show that it had onlj^ 
"bathed the feet of the highest mountains, covered 
the less elevated hills, and rendered the plains impas- 
sable." 

So long as philosophers allow their minds to be in 
the smallest degree biassed by the account which Moses 
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gives of the creation of the world and the deluge, it v$ 
lA vain to expect any thing like rational inquiry^ 
What could be Cuvier's reason for endeavouring to 
ipake people believe that his theory accorded with the 
Mosaic account of the deluge, when it is evident that 
no two things can be more at variance ? He supposes 
the surface of the Earth to have undergone many re- 
volutions ; and that at each the whole race of animals 
was almost entirely destroyed. Moses tells us, that the 
Earth was once covered with water, and a seed of all 
the different animals carefully preserved in an ark* 
Frenchmen ! candour obliges us to own, that we are 
much indebted to you for many of the materials made 
^se of in this inquiry. If the religious institutions of 
your country have hitherto prevented you from com- 
pleting your discoveries, it is hoped that those times are 
now passed away ; and that the day is fast approaching 
when, in every land, the truth shall be enabled to rem 
its head, and when science shall no longer be dragged 
at the heels of a false and delusive religion. ^ 

Buffon entertained the idea, that all mountains were 
more steep or precipitous towards the south and west 
than towards the north and east. But his views seem 
to have been more directed to the general decrease in 
height in the ranges of mountains, and the declivity of 
continents, than the form of individual mountains* 
His inferences are partly drawn from the greater ra- 
pidity of the current of rivers running towards the 
south and west, than of those running towards thei 
north and east. He mentions, in particular, that long 
range of mountains, the Cordilleras, which descend so 
f apidly towards the west, whilst towards the east they 
are gradually lowered into vast plains, watered by the 
largest rivers in the world. When we attempt to ap- 
ply the above rule of Bnffon's to the form of individual 
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moantains, we do not find it by any meaoa of snch uni- 
versal application as that which we have laid down for 
hills in the plains, in the northern latitudes, viz. that' 
they are more steep on the west than on the east. It 
would require more observations to prove that his rule 
is even of general application. t 

In the form of mountains we find a very great dif- 
ference, which has certainly arisen from the different 
state of the matter of which they were formed at the time 
of their elevation. This appears the more probable, a» 
the same character generally extends to whole ranges. 
We find some with an easy slope on all sides; or at . 
least they are easily accessible by man on all sides; • 
others, again, have one or more sides almost as per- 
pendicular as a stone wall. The matter of which these 
last are formed must, at the time of their elevation, 
have possessed a degree of hardness nearly equal to 
solid rock ; otherwise they never could have retained 
their perpendicular form. It is generally amongst these 
that lakes are found. In the former kind, which have 
a more gentle slope, the matter must have been in a 
fitate of greater softness, so as to fill up all the hollows 
till the water found a declivity from their surface to 
the lower grounds. But in neither of these species of 
mountains, when situated in the higher districts, dowa , 
perceive any particular regularity in their form, in re- 
gard to any particular point of the compass. 

We should naturally imagine that those mountains' 
with their perpendicular rocky sides had been formed, 
or at least had attained their final elevation, posterior 
to the others, when the general strata had attained a 
greater degree of induration. Wliether this had been 
the case, can be determined only by more particular 
ebservationa on their relation to the horizontal strata^ 
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and to the other species of mountauis that may be found 
ID their immediate Ficinity, 

The great original cause of the uaevennesBes on the 
Earth's surface had certainly been the unequal indup- 
fttion of the different strata during the process of the 
general condensation of the Earth itself. Had the 
whole matter of the Earth been of an uniform degree 
of firmness during the process of its condensation, all 
the parts would have yielded alike, and the whole sur- 
face would have been perfectly smooth. But if, whilst 
the internal nucleus continued in a state of elastic 
fluidity, the external strata had acquired a considerable 
degree of hardness, these strata would yield less readily 
to the condensing power than the internal part*, which 
would be continually decreasing in bulk. The outer 
^trata would soon be more than sufficient for covering 
the internal nucleus ; they must therefore have been 
broken and displaced in a variety of ways. But it does 
not appear that any general regularity had taken place 
in the breaking up of the strata ; what regularities do 
Appear seem to be found only in the order of their ori- 
ginal formations, or are confined to those parts that 
have been acted upon by the currents of the sea. 

Many of the horizontal strata have an nndulat«d 
appearance. This we may ascribe to their having 
b«en bent by compression in the direction of their 
length or breadth, as well as condensed in the direction 
of their thickness, before they were completely hard- 
ened. 

There is a law that seems of very general applicai 
tion to the sea coasts, both of the continents and islands 
of the world, viz. on all the western coasts the declivity 
of the land is more precipitous, and the water deeper, 
indicating, what w« have already anppoaed, the fon 
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exUteocQ of a current of water from west to east, wash- 
ing away all the softer materials from the western 
eoasts, and leaving, only such as were more capable of 
resistiag the action of the water, hut depositiug on th* I 
eastern coasta shelving banks of eaud, gravel, and 
other alluvial matter. But this law, though general, 
it is evident should not be looked for as universal ; for ' 
larger or smaller islands lying off these western coast« 
must frequently have intercepted the force of this cuTf 
rent, and altered its direction. We have very strong 
evidence from these coasts, besides their mere form, of i 
the former existence of this current of the ocean; 
When we compare their strata with those of the islands 
that may happen to lie in their vicinity, we often dii^r 
cover such a correspondence as caunot but lead to th» 
lielief that they have formerly been uoited ; and that 
part of the strata by which they had been connected 
has been washed away by the violence of the sea. But 
we do not see how such vast and complete devastation 
eoqld be effected by any powers at present in existence, 
and acting upon strata of the present hardnesM of thoae 
rocks that are left behind. The quantity of matter ror 
piored in many cases has been immense : The strata, 
fi'om what is left, must often have existed to a height 
considerably above the present level of the sea, and 
they have been removed to a depth far below it ; and the 
matter has been completely swept away, leaving scarcQ 
a wreck beliind. All rocks are more or less intersected 
with seams. The water makes its impressions first upoQ 
these, as being the most vulnerable parts ; it widens 
these seams by degrees ; thus dividing the rocks into 
blocks of various sizes ; these, by the force of the wa- 
ters, are removed from their beds, leaving the part* 
behind them to be acted upon in the same manner in 
their turn. It is true, that these blocks will afterwards 
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continue to be acted upon nnd wonted by the wal 
bat thiw ij) an operation thiit proceeds very bIc 
That process by which the rocks are loosened 
brought down in the form of blocks muat always pro- 
ceed moch faster than thnt by which these blocks are 
80 worn down as to be carried away by the waters ; ao 
that it is impossible to conceive such immense quanti- 
ties of rock washed away without leaving a greater 
quantity behind in the state of loose blocks. In short, 
it seems impossible to account for the phenomena in 
question, without supposing them to have happened at 
a time before the strata were completely indurated ; 
and when the waters of the ocean were moving with a 
Htrong current, and acting with a prodigiously greater 
force than any thing of the kind to be found at the 
present day. Sand-stone might then be reduced to 
loose sand, and the calcarioDs and other rocks to a 
more attenuated state. 

It will here naturally be asked, Can any cttose 
assigned for these former currents ? Or, have we 
reason to suppose that the waters of the sea were ever 
operated upon by any other powers than those by which 
they are at present influenced ? We must answer, Yes. 
We see very evident reasons for a former current of 
the sea from west to east. Had the original nucleus of 
the Earth, with its atmosphere and all the matter sus- 
pended in it, been of one uniform or homogeneous 
density, a mere condensation of all these parts could 
have produced no relative motion amongst them. The 
parts would have retained the same comparative dis- 
tances from one another, and the same relative posi- 
tions : only their distances lessened. But there can 
be no doubt that the original atmosphere of the Earth 
would decrease in density upwards the same as at pre. 
sent, or at least this would be the case long before 
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Earth came into its present poi^ition ; it would rerolve, 
too, in nearly the same time ns the Earth itself round' 
ita own axis ; and, consequently, the higher parts of 
that atmosphere must have had a much greater velo- 
city than the surface of the solid nucleus, even at the 
equator. When the atmospheric matter becanre con- 
densed, its rotatory velocity would still be increased 
during its precipitation, and the water formed of it 
must have had a motion from west to east with regard 
to the solid nucleus of the earth. Although we cannot 
say with any thing like precision what this relative 
siotion of the water must have been, yet it is evident 
from the immense height of the original atmosphere, , 
jrom whence these waters were formed, that it must 
have been very considerable. 

Humboldt takes notice of sand-stone strata of an 
immense thickness, upwards of iKMW feet, on the western 
coast of South America — a thickness perhaps not to be 
met with in any other part of the globe. May we not 
be allowed to suppose that these strata have been pro- 
duced by the original motion of the sea from west to. 
east ? If ever such a motion did exist, it is evident 
that it must have acted with peculiar force in the Paci- 
fic ocean, the most extensive body of water on tho 
globe ; it would carry along with it the matter as it 
was precipitated and granulated in the form of sand, 
until its progress was arrested by the rising continent 
of America, where it would be deposited, and after- ■ 
wards consolidated in the form of sand-stone strata. 
This, however, would only lead us to infer that the 
principal effect of this primary motion of the waters of i 
the sea from west to east must have been in the depo- 
sition of the matter of which the secondary strata are 
formed ; and in this way it must have aliiected the form | 
of continents. 
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But there have most prcbnbly been oorrents of the 
sea ari!*>iig from another cause, which hare continued 
to a later period ; and which have committed those de- 
VBfltations we hare been noticing on the strata after 
their partial consolidation. 

We have already Khown, that it is extremely probable 
that during the return of the Earth ttrwards the Sun, the 
incroaic of the growing power of gravitation was not 
uniform or continnoos : bnt that, owing to the eliptical 
figure of the Karth's orbit, this increase of power pro- 
ceeded with periodical retrogradations — that it retro- 
graded once in every revolation of the Earth round the 
Sun, ria, when it was moving from its perihelion to its 
aphelion ; and that the figure of the Earth, whilst it 
was in a fluid state, must have had a constant ten- 
dency to adapt itself to these variations in the power of 
lirravity ; it would have a constant disposition towards 
greater oblateness when moving outwards to the aphe- 
lion, and the contrary when returning to the perihe- 
lion. As the solid matter of the Earth, however, be- 
came more and more indurated, it would less readily 
conform itself to these variations in the power of gra- 
vitation ; but the waters, still retaining their perfeefr 
fiuidity, would continue to obey them as before ; when 
the Earth was moving towards the aphelion, the waters 
would move towards the equator ; and when it was re- 
turning towards the perihelion, they would return to- 
wards the poles. 

When the waters were spread out upon the wide 
circle of the equator, from the extent of high grounds 
in those parts, which would prevent the waters from 
breaking over them, they must soon have acquired the 
velocity of those parts themselves. When these waters 
were again returned towards the poles, they would at 
first have a tendency to move with that velocity which 
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tbey had acquired at the equator ; this would give them 
a great relative velocity from west to east. The landa 
near the poles being in general less elevated, and thd 
waters concentrated upon a smaller circle, the sea 
wonld break over all the lower grounds ; and this mo- 
tion might continue for a very long time, but with h 1 
velocity continually dlminiflhing, till) in the outward, 
motion of the Earth from the Sun, the waters again 1 
began to move towards the equator. Here, on the i 
other hand, from their diminished velocity, the watei*S [ 
would have a relative motion from east to west, and' j 
the eflFects of this appear in the West India islands, th* i 
adjoining coast of America, and the eastern coast (^*i 
the old continent. 

There are few things that leave more evident marks^ 
behind them than currents of water, where they tak& 1 
place upon soft or loose materials that must yield i 
to their force. Wherever they have prevailed, the, ^ 
rocks will be found washed bare on the side that had. i 
been opposed to the current ; whilst on the opposite j 
or sheltered side, there is almost always a sloping bank 1 
of gravel, sand, or other alluvial matter. If a general I 
system of observations were instituted with this view* | 
over all the alluvial formations of the Earth, the extent j 
and direction of these latter currents might be ascer- i 
tained with a considerable degree of precision. 

The circumstance that the mountains neartheequa-J 
ter are in general higher than those towards the poles, 1 
is another corroborative evidence of our theory. When, 4 
the Earth was suffering a change in Its figure from [ 
that of a more oblate spheroid by the increasing poweri"! 
of gravitation, so long as the elasticity of its mattez|>l 
was nearly perfect, this change of figure would folloTf ( 
almost immediately the change in that power ; and tha 
surface would continue nearly smooth. But as the 
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consolidation and induration of the strata increased, 
the contortions would be greater, and the surface less 
smooth. This would be the case more especially at 
the equator, where the secondary strata were thickest, 
and the change of figure, or the change in the latitu- 
dinal curve, would be the greatest. And hence the 
greater height of mountains there than towards the 
][>oles. 

From the circumstances that must have attended this 
change of the figure of the Earth, we may account for 
another phenomenon that has often been taken notice 
of; viz. that in making experiments to ascertain the 
figure of the Earth, it is found that at small distances 
from the equator the plummet inclines more to the 
equator than it should do if the Earth were an ellipsoid 
of revolution of homogeneous density ; thus denoting a 
greater density at the equator than at the poles. Now, 
it is evident, that whilst the change of figure wasgcrfng 
on, the compressing force must have been greatest 
under the equator, forcing out the matter towards the 
poles ; and therefore the matter must have been ren- 
dered at the time more dense at the equator. Had the 
fluidity and elasticity of the matter continued, a reac- 
tion would have taken place, and an equilibrium nf 
density been restored ; but as an induration was taking 
place all this time, the spring or elasticity of the matter 
could never recover itself; of course, the matter must 
have continued more dense there ; and hence the in- 
clination of the plummet that way. 

There is another phenomenon which has much en- 
gaged the attention of geologists, and afforded matter 
6f keen controversy, which we think may be satisfac- 
torily accounted for by our theory of the change of the 
figure of the Earth. Along all the northern sea coasts 
there seem very evident remains of a former and higher 
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irater-mark. This by some has been deemed a suffi- 
cient proof that the general level of the ocean has for- 
merly been much higher than at present ; and, conse' 
qnently, that the quantity of water on the Earth haa* I 
been so much diminished ; whilst the difficulty of ac- 
counting for this diminution •teems to have led other* * 
to doubt the reality of this high water-mark. But our I 
theory accounts for the phenomenon by the elevation i 
of the land at the poles, and not by the diminution of I 
the quantity of water. When the Karth was assuming j 
its present figure, there would be a constant rising o^ I 
the land at the poles, and a depression of it at the[ 
equator. As the figure approached that oblat«nesB'l 
which is due to the centrifugal force of the diurnal' X 
rotatory motion and the present power of gravity, tM»' f 
depression and elevation would proceed by very slow ] 
degrees ; and it may be questioned if they have yet 
tnined a maximum, or if the figure of the Earth hai' 
arrived at a state of perfect quiescence. 

When a change of figure takes pluce in a solid in-' 
durated body, like the Earth, the change proceeds, not I 
by a constant gradual yielding of the parts, but by" 
ntarts and intermissions, with a rending of the parts, 
like a stone wall when it begins to fail. If this has 
been the case witli the Earth, may not the rents thui 
produced, by forming a communication betwixt the 
central heat and the surface of the Earth, be the cause 
of earthquakes ? 

Conjoined with the phenomena of the Earth, we 
have those of the Moon, in corroboration of our theory. 
Our theory assigns to the Moon but a very light atmo- 
i^here, and a proportionate small quantity of water. 
Now, the mountains in the Moon are much higher, 
and the rallies much deeper, than those of the Earth. It 
has all that rugged appearance which the Earth would 
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hiive if there wrh in it nlmoi^t uo water, nor horizontal 
i>tratudp|)u<tited by water, to till up tho^e hollowit formed 
by the brenkitii; up uf the original iiiicleuH and the 
durated primary utrata. when it was receiving itn pi 
tent figure. 
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We have thus endeavoured to uhow the agreement 
of our general theory with the greater part of the priii- 
eipal phenomena of the planetary system. There are 
titill, indeed, many phenomena which we have not at* 
tempted to account for by it. We have not attempted to 
account for the origin of comets, though forming a part 
of the same system ; nor for the inclination of the axes 
of the planets to their orbits. But we see nothing in 
these at all opposed to our theory ; and though we hare 
not been able to account for them, it is hoped that fu- 
ture inquirei-H may. 

(t will perhaps be objected to our theory, that it U 
too mechanical; and that it does not give us that su- 
blime idea of the Deity which the Mosaic account of 
the creation (absurdly called a theory ) affords us, when 
it repi-esents the universe as having been called into 
existence by mere volition : — " He said. Let there be 
light, and there was light," Hut however this may 
please the phantiLstical imaginations of some men, it 
is certainly altogether unlike any thing that we observe 
in itatiu'e. It is not for man to say what is suitable for 
the Ueity to do. It is the business of the philosopher^ 
to discover what really is— not to determine 
ought to be. 

Although our theory is purely mechanical^ there I 
none farther from excluding the idea uf a Coverain 
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Mind from the universe. It certainly never vras ob- 
jected to man's being endowed vrith a spirit — that the 
actions of his body are performed by the mechanical 
use of its members. Our theory supposes the planetary 
system to have gone through a regular mechanical pro- 
cess at its formation. But order always implies design ; 
and so far from assigning to matter any original active 
properties^ as the cause of that process, we have shown 
that it has derived these properties themselves from 
the order of nature at the creation. And in attributing; 
all the active properties of matter to the motion of the - 
system, this is in perfect agreement with what we ob- 
serve in all the minor systems. In the animal and; 
the vegetable kingdoms, no sooner does motion cease,, 
than vital heat and cohesion fail, and the bodies im- 
mediately tend to dissolution; so in the great system 
of nature, if universal motion were to be stopped,, 
gravity, heat, and every other property of matter- 
would cease ; and the whole would be reduced to 9u 
perfect chaos. 



PART II. 
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MORAL PHILOSOPHY. 

** Thna, hiive we fi}unil a true aftrolo^ ; 
Thus, hare we found a new and noble bedb 
Id whith alone stars gOTem humaa fates." 



CHAPTER ] 



THE ANALOGICAL APPLICATION OF THE MECHANICAL 
THEORY TO THE SCIENCE OP MIND. 

Mechanical Philosophy, as it applies to the motions 
of the planetary system, and the powers by which it ia 
supported, has long been admired for its sublime sim- 
plicity, and regarded as that model of perfection which 
we woald wish to see attained in the other sciences. 
This seems now happily within our reach, with regard 
to Moral Philosophy, by means of Analogy. 

Astrologers formerly pretended to foretell the future 
destinies of men from the aspects of the heavenly bodies. 
We shall render the stndy of these bodies of more real 
importance to mankind, if we can really trace, by ana- 
logy, from the origin of the motions of these bodiea. ■ 
and the properties of the matter of which they ar^l 
composed, the origin of the various propensities of 
human nature, and of those priaciples by which the 
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frame of society is upheld. We shall hence derive the 
elements of a system of moral philosophy, of the purest 
and most unalterable nature, for the regulation <^ in^ 
dividual conduct and the government of the irorld. 

Nature in all its various departments seems to be 
governed by the same laws. Whatever properties we 
discover in matter, we find others exactly corre8pond<^ 
ing to them in mind. In matter we have inertia, gra- 
vitation or attraction, and repulsion ; corresponding to 
these, we have steadiness, sympathetic affection, and 
aversion, in mind. In the material world, the power of 
attraction decreases as the square of the distance ; so 
in mind, although we cannot measure the distance as 
we do in matter, we find that the impressions made on 
it depend greatly on the distance of the operating 
cause : a small object, when near, making more im- 
pression than a greater object at a distance. When 
an elastic body is acted upon by another, that aetiaii, 
instead of joining the two bodies together, frequently 
increases their distance by the recoil ; so we find that 
men of opposite dispositions, by coming in contaet, feel 
an aversion for each other that they never knew befeie« 
In matter, we find some bodies very soft and ductUe ; 
whilst others are of quite an opposite description : So 
there are some minds extremely pliable, and on which 
impressions are easily made ; whilst others a^ e of a most 
hard and obdurate nature. ^ It is found, too,^ ti^t mind 
as well as matter can be softened by external appUca- 
tiona. In the collision of bodies, power is always lost; 
whilst by the mere combination of matter power is ge- 
nerated : So we find that by contention a man always 
< loses influence in the world ; but by winning the affec- 
tion3 of others his power is uniformly increased. 

In matter there are other properties besides mere 
inertia, attsactioa, and repulsion — or, perhaps^ oth«r 
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modifications of theKe properties^necessary to produce 
and anppopt the organization of the aoimai and vege- 
table kingdoms ; the former of which, and particularly 
Man, the head of it, seems to be the great object the 
Deity has had in view in the formation of thi.i world. 
The three eimple properties of inertia, attraction, and 
repulsion, seem only to have formed the solid basis on 
which the superstrnctnre was to be built. Correspond- 
ing to this, in mind, other properties are necessary be- 
sides mere Ntcadiuess, affection, and aversioa. These, 
indeed, constitute the great basis on which the fabric of 
the moral system rests ; but without other properties, 
or other modifications of these properties, we should 
hare had nothing but brute passion for the direction 
of haman conduct. Without imagination, reason, and 
judgment, we shonld have none of those institutions 
on which all intellectual pleasure and happiness depend. 
Saeh are a few of the common properties of mind, com- 
pared with those of matter ;■ — there can be little doubt 
that the analogy will hold good thronghont the whole 
of the two systems, if accurately compared. 

Let us now compare the origin of the planetary sys- 
tem, and the properties of matter by which it is up- 
held, with the origin of society and the principles of 
human nature, by which the frame of society is sup- 
ported ; and we shall again find the most remarkable 
agreement. 

Our theory has shown * that, in the great bodies of 
the planetary system, the tendency of the individual 
particles, abstractedly considered, is to remain at rest, 
whilst their collective tendency ia to move forward 
with a great velocity, — that these contrary tendencies, 
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as individual particles, and an constituent parts of 
the great bodies of the Nyt>tem, is the cause of gravis 
tatioQ ; and that the disposition of the individual par- 
ticles to remain at rest is the cause of inertia, which 
gires stability to matter at rest, and power to it when 
in motion. So in the moral system, the first dispo- 
sition of individuals is opposed to that of society ; It 
inclines them to appropriate every thing to their own 
views and purposes. l)ut no M>oiier do they look 
around them, thnn they perceive that they are but 
members of a great family ; and that this disposition to 
appropriate every thing to themselves is inconsistent, 
not only with the good of society in general, but with 
their own interest as individuals : for if every one were 
acting upon that principle, without control, there conld 
be nothing but rapine and confusion in the world. The 
consciousness of this makes them draw together for 
mutual protection, and to form those very barriers, 
the laws of society, which they themselves, as indivi- 
duals, are nevertheless continually endeavouring to 
break through, it is these opposite dispositions of 
men, as individnals, and as members of society, that 
produce all the social attachments ; and the more 
strongly the selfish spirit evinces itself, the more firmly 
do the individuals, as members of society, cling toge- 
ther for mutual protection. So that it is this very 
principle of selfishness, so odious in itself, that gives 
strength to those attachments, and stability and power 
to society. jfl 

In the material system, the interruption of motion t^M 
the cause of repulsion : so in morals, we every dayolt|| 
serve that if one individual is interrupted in his pur» 
suits by another, his mind evidently manifests an irri- 
tation and repulsion ; or if any of the great movementft 
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of society are interrupted, a convulsion frequently takes J 
place which threatens to break up the whole social ] 
body. 

In the solar system, all the orbital motions of the I 
planets are regulated by their gravitation towarda tho- | 
snn. It is to this gravitation that the system owes itff | 
permanency, and the regularity of its motions : withoufr I 
it, the planets would all separate and wander into tlitf 2 
regions of unknown space, and lose all the benignant^ ] 
and necessary influence of that great central body, 
in every well regulated society, all its great pursuits are | 
regulated by a steady regard to the Deity, or his lawV' I 
—the eternal laws of justice and truth. Every devia-- ] 
tion from these produces a corresponding disorder i 
society ; — if we could suppose an entire abandonment 
of them, society would inevitably go to pieces. 

It is from the sun that all the light and heat which 
enlightens and animates the whole vital creation are 
derived. So it is the light of the countenance of the 
Deity, shining through the medium of His works, that 
enlightens the human mind. It Ls the influence of Hu 
Spirit, acting through the same medium, that enlivens 
all our affections, and animates us in the discharge of 
our duty. 

It will perhaps be objected to this, that a great part 
of mankind feel little or no regard for the works or the 
laws of the Deity ; and that self-gratification absorbs 
almost their whole attention and care. Moralists, in- 
deed, generally allege that pleasure and pain are the 
two great objects of desire and aversion amongst man- 
kind. But this idea proceeds from their not consider- 
ing man in hLs two distinct characters, as an individual, 
and as a member of society. Regarding man abstract- 
edly, as an individual, this observation of moralists is 
just; but consider him. again, as a member of society, 
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his selfinh views are alwayi* modified, and freqaently 
overruled, by a regard for the iavrn of the Deity, a-* they 
direct him in his duly towards the society in which 
Uvea. So seasible are mankind that attention to 
general f^ood of the world i»i their great duty, that 
the seiiNualist dareM not confess that Helf-KratiflcatitHt' 
is his object : He knows that society will not accept of 
this from one of its members ; he would therefore have 
the world to believe that he intends the improvement 
of society, by adding to its enjoyments. So that here 
the parallel betwixt the material and moral systems 
fitill holds complete. 

As in the material world a body feels, more or less, 
every impression that is made on every other body con- 
nected with it, 8o in society we feel or sympathiice 
with every other member with whom we are associa- 
ted. That particular affection which certain indiviT 
duals feel for each other is to be compared to elecl 
attraction in physics. 

It is by the gravitation of the particles of a plai 
towards its centre that its parts are held together, and 
the regularity of its figure preserved. Corresponding 
to this, we have the regard of mankind for the social 
system : On this are founded, a regard for the laws, and 
all those virtues that tend to the order, the stability, 
and welfare of society. 

The regard of man for the Deity corresponds to the 
gravitation of the particles of a planet towards the 
sun. On this are fonnded, all the great and respect- 
able virtues, which tend to the government of the con- 
duct and the passions. This constitutes what is called 
Principle, or the Religious Principle, and which forms 
so essential a part in the moral character of man. By 
it a man proceeds in the regular discharge of all his 
duties, with an undeviating adherence to justice 
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truth, Quinflnenced by circuraatances, or the opinion 
of the world, as the parts of a planet continue to revolve 
vith perfect regidarit; round the sun, uotwithRtunding 
the storms that may prevail upon its surface. Do we 
wish to impress man with the religious principle ? Let 
as make him sensible of the power, the wisdom, the 
justice and benificence of the Deity, as manifested in 
the works of creation. How impious, then, must those 
systems of religion be tliat are founded on the supposed 
imperfections and disorders of the system of nature ! 

Having found such a striking and general corres- 
pondence betwixt the two systems of Matter and 
Mind, we come now to inquire, Whether the two can 
be separated ; or if they form necessary constituent 
parts of the same system of nature ; or. 



WHAT IS MIND ? 

Mind has generally been supposed active, and mat- 
ter passive. Mind has been supposed to be something 
altogether distinct from matter ; and to it all the mo- 
tions of matter have been ascribed. If this were the 
case, it is not the body, but the soul of man, that 
ought to suffer fatigue from bodily exercise. This, 
however, is so far from being the fact, that the mind 
is frequently at ease when the body is suffering the 
greatest fatigue. It is close study and reflection that 
fatigue the mind; and this commonly takes place 
when the body is at perfect rest. We have then re- 
course to some moderate exercise, as a relief and re- 
freshment to the mind. The mind exercises no abso- 
lute power over the body : all the motions of the body 
are performed by the mechanical use of its members ; 
I even this mechanical use of its members cannot 
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be effected without the assistance of other external 
matter. We cannot walk without the earth to enable' 
us to make a progressiye motion ; nor can we continue 
this motion without the external air to inflate the 
lungs. AU the impressions which mind receives are 
through the medium of matter. But for the impres-^ 
sions of the external world, we could have no conscious- 
ness but that of mere existence ; nor even of that, but 
ibr the sensations of the matter of which the body is 
composed. Mind has no more absolute power than 
matter has : whether it acts or is acted upon, it is 
only through the medium of matter. When we con-' 
sider of mind, in relation to the system of nature, we 
say it is that which gives consciousness — which con- 
trives, resolves, &c. But if we endeavour to form an 
abstract idea of mind, without regard to any part of 
the material system of nature, we find the thing im- 
possible. We can form no idea whatever, of mind, 
without matter for the manifestation of its properties. 
Neither should we be surprised at this: the same 
thing occurs with regard to our ideas of mafter. Is it 
required of us. What is matter ? We say, it is that 
which constitutes the substance of all thos6 solid, or 
gravitating, or hard, or fluid, or elastic, or moving 
bodies, which we observe in the system: but we do 
not conceive these properties of solidity, or gravity, or 
hardness, or fluidity, or elasticity, or motion, to be es- 
sential to matter- Accordingly, we always ask. What 
are the causes of these properties ? And, on investiga- 
tion, we find that they are derived from the order of 
the system. But, deprive the system of this order, and, 
consequently, matter of these properties, and we can 
form no idea of it whatever. In this imaginary state, 
we give it the name of chaos ; a thing to which we may 
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httach a negatire, bat no positive idea: if ever we at- 
tempt to form an; po^itire idea of it, it flies L'ke a 
phantom from the mind. 

Thus, all the properties of matter are derived froofc' J 
the order of the system, and, consequently, from mind; 
and all the ideas of the mind are derived originally 
from matter. Matter and mind are therefore insepa- 
rable. / ' - - 

Moreover, we find that all the mutual affections of 
bodies for one another are owing to their being rela- 
ted in the same system. But matter and mind mutn- ^ - > 
ally affect each other ; they must therefore constitute' "^^S'Mft^ 
the same system ; otherwise, they could not enter into . 
idl those mutual relations, and feel all those mutual >^"^'*^^| 
ftffections. Matter and mind, therefore, form neces- ^| 
aary constituent parts of the same system. Mind, how- ^^k 
ever, is not a property of matter, but a principle : foF ^^k 
it possesses itself properties similar to nil those which ^^k 
matter does ; and it would be absurd to call that a pro- ^^k 
perty which possesses all other properties. Matterand ^^k 
mind must have had one common existence ; they have ^^k 
been oi^anised and relined by the same process, and ^^k 
continue to be regulated by the same laws. ^H 

Matter and mind mu.st both have existed from eter- ^| 

nity : for we cannot conceive the one to have existed ^^k 

without the other ; neither can we conceive how that ^H 

which at any time was not, could call itself into exist- ^H 

ence. It has not, however, been always in the same ^H 

state : for we see eWdent marks in the planetary ^H 

system, and in this earth in particular, of its having ^H 

gone through a regular process of formation. It may ^^k 

have gone through many changes, and it may undergo ^H 

many more; although we may be unable to discover ^H 

the means by which such future changes may be ef- ^^k 

fected. ^H 
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WHAT IS THB SOUL OF MAN 7 
** What tlien am I ?" 

Is there any thing essentially different in the natnre» 
of man from the rest of the material creation ? Or,* 
Does he only form a part in the general gradation o£ 
refinement in the system of nature ? 

We find matter in its mdest state endowed with the 
powers of inertia, gravitation, and repulsion. We have 
traced these to the motion of the system, and a tend* 
ency to equilibrium. But we cannot conceive matter 
without mind to have any tendency or disposition either 
to motion or to equilibrium. The mutual gravitation,i 
then, of two of the rudest bodies of matter affords no 
less evidence of their being pervaded with mind, than 
the most refined sympathies of human nature do of the 
existence of the soul of man. Hence, there is no such 
thing in nature as matter absolutely inanimate. 

In a more refined state, matter possesses the power 
of crystallization, and fofsning itself into regular and 
beautiful figures. It even manifests, to a certain ex-^ 
tent, the faculty of choosing and rejecting, in the pro- 
perty of elective attraction. 

In a higher state, we find it formed into vegetables, 
with a power of absorbing and assimilating other mat- 
ter into their own natures, and propagating their kinds. 
We see them even sending out their roots in quest of 
nourishment,, and their flowers and leaves following 
the light. 

In a still higher state, it is formed into brute ani- 
mals; which, in addition to the above, have the power 
of locomotion. They even exhibit the more evident 
manifestations of what we call mind : they not only 
choose and reject, but they show the strongest affee- 
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tions and aversions for particnlar objects. They fre- 
quently even exhibit a considerable degree of reason — ■ 
a faculty which is generally supposed to be altogether 
peculiar to man. By reason, we mean the faculty of 
observing and comparing, and making use of their ob- 
servations in their after conduct. There are many 
brute animals which, if they had the faculty of speech, 
and the use of hands, would make a superior figure in 
the world to some of the human species. 

At the head of the creation stands man, the chief 
servant of the Deity on earth, with a form of body and 
constitution of mind well adapted to give him the 
command over the rest of the world. The form of his 
body is not only suitable for the greatest variety of ac- 
tion, but likewise for making observations, and for 
entering into the greatest variety of relations with all 
the other parts of the natural system. The constitu- 
tion of his mind corresponds with the organization of 
his body; and enables him to apply all his bodily 
powers with the greatest effect. But still, man just 
acts, and is acted upon, like the other parts of the na- 
tural system. He is impressed with the same powers 
of inertia, gravitation, and repulsion, as what we call 
inanimate matter. He possesses the same powers of 
absorption and assimilation, and propagating his kind, 
that vegetables do. He has the powers of locomotion, 
of observing and choosing, with the lower animals. 
But the great distinguishing features in the character 
of man, are those faculties with which he is endowed 
of tracing the relation of cause and effect, and cora- 
manicating his ideas to others of his kind. By the 
former, he is enabled to render all the elements of 
nature subservient to his purposes ; by the latter, he 
enters into associations for the accomplishment of ob- 
jects beyond the power of separate individuals. 
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ThtiHy man ntmndn merely at the bead of a regular 
gradation in the nytteni : there b nothing eisentialljr 
diflTerent in hin nature from the rest of the creatim. 
II in nuperiority aruieii entirely from soperimty of or*' 
ganixation. 

Whatever diflbrencef of opinion there may be a« 
mongnt the learned with regard to the ioiencet d 
phrenology, phyniognomy, and pathognomy» the com« 
inon cond uct of men affords a tacit acknowledgment 
of thc^ir be i'f that the constitution, the sentbnentB, 
and rONolution of the mind, correspond with the orgaut 
ixatlon, the expreHiions, and morements of the body, 
The tn(»Nt unobHcrrant of men, aye, even brute ani^ 
mal«, will be forming opinions of the dispositions and 
Intcmtions of men, from their outward appearaneei 
thoir countenanoo, and gestures. 

litit though the mind is dependent for its constitution 
on the organiiintion of the body, we do not say that the 
orgimlxatlcm of the body is independent of the mind; 
they are cortainly born and do grow up together, and 
mutually affect each other. If the body, even after it 
In brougtit to maturity, can be distorted by the passions, 
thore can \h} little reason to doubt, that, during the 
|H^ritMl of its growth, the form of its parts may be af^ 
IVcttKl by the dtsposittous of the mind. 

And again, although the differences observable in 
the dUt|HvtiHons and faculties of diflR^rent men, are 
owing to differences in their bodily organiaation, there 
t» no rea^'HU) to suppose that the difi^rences in the w« 
ganl«ation of the brain» the seat of the thinking <Nrgaa« 
«»f the u\ind« of difft^rmit men« are at aU in iHt>p<^tioi| 
to the diffV^r^^ices U> be (bund in the courses they p«r* 
suf>% or to the results (^ their imellectual labo«irs« The 
smalk^t diff^HK^ice of the inclinadon of sttr&ee us the 
middle of a continent will send its watm to <^ppe«le 
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quarters of the globe ; bo a very little difference of 
original disposition often determines men to the most 
opposite courses through life : and with regard to the 
actions they perform, these depend much upon the 
circumstances they may be placed in, or the incidents 
they meet with in the world. As in physics, matter 
possessing the most active properties may lie dormant 
from not being placed in circumstances to bring these 
powers into action; so men of the most powerful minds 
may pass through the world nnobservcd for want of 
some soilicient motive to excite them to action, and to 
give manifestation of their powers : for " great objects 
make great minds." 

From analogy, we should deem it probable that the 
differences of iutellcctual powers amongst men are not 
greater than those of the body. We see men of the 
greatest bodily strength passing their time in a lintlcss 
inactivity, and doing almost nothing ; whilst others 
much inferior in strength, but inured to habits of in- 
du.stry, are performing prodigious quantities of labour. 
So it is with regard to intellectaal productions ; " The 
habit of application," says Culbertson, " generally 
does more than the greatest strength of intellect ever 
attempts." If this analogy holds good, (and we see no 
reason to doubt it,) it affords great encouragement to 
all who feel disposed to exercise their intellectual fa- 
culties, not to be too much discouraged by false appre- 
hensions of natural incapacity; it should at the same 
time be a warning to them not to look for snccess with- 
out much industriuiis application. 

The same principle of analogy, by which we have 
discovered the general correspondence betwixt matter 
and miod, leads as likewise to the personification of the 
haman soul. The soul of man has its periods of growth, 
of maturation, and of decay ; it is mippUed with food 
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end nourishment from external events, and, like the . 
body, it suffers fatif^ue from labour, and requires pe« 
riodical rest and repose, to recruit its exhausted powers. 
It possesses the power of moving from object to object, 
and from one idea to another ; it builds and it pulls 
down ; it cultivates and reaps. It possesses the means 
of acquiring knowledge, and powers of action corre-r 
spending to those of the body. The soul pervades the 
whole body of man ; and the centre of its affections, 
like the centre of gravity in a physical body, rests in 
the heart, the centre of the body. The mind has a 
taste, a relish or disrelish, for certain things. It has a 
faculty of hearing, or of receiving information from 
report. It may likewise be said to have the sense of 
smell, as certain agreeable or disagreeable sensations 
are conveyed to it from distant objects, with which it is 
not immediately connected.^^ut of all the organs by^ . 
which the body acquires knfffledge, the eye infinitely 
surpasses all the others, both in the extent and correct* 
ness of the information which it affords. Correspond- 
ing to the bodily eye, we have Keason, the no less va*- 
luable faculty of the mind. 

It is a remarkable fact, that notwithstanding all that 
has been said and written on the subject, mankind have 
hitherto been in utter ignorance as to the true nature 
of reason. In a scientific point of view, reason is com- 
monly understood to be a wonderful and mysterious 
faculty, by ^ich we are enabled to penetrate the in- 
tricate and profound i^cesses of nature ; but which 
cannot be applied to such things as appear evident at 
first sight. " But though reason," says Mr Smith,* 
^' is undoubtedly the source of the general rules of mo- 
rality, and of all moral judgments which we form by 

'■S'^ • Theory of Moral Sentimeiits. 
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jUeaus of them ; it is altogether absurd and nnintelli- 
glble to suppose that the first perceptions of right and 
wrong ahoold be derived from reason, even in those 
particular cases upon the experiencfeofwhich the gene- 
ral rules are formed. These first perceptions, as well 
as all other experiments i^Miu which any general rules 
are founded, cannot be the object of reason, but of 
imniediate sense and feeling." Reasoning in this wa^. 
Smith infers that thg only use of reason, in forming 
rules of morality, is by fonoing general rules, by mean!4 
of induction, from obserratioua made in a vast variety 
of instances. But if this were the case, then Cain waa 
not culpable in murdering his brother Abel, having had 
BO previous instances from whence to infer that murder 
was a crime. Yet nothing would appear more absurd, 
surely, to a man q¥ common sense, than such an asser- 
tion. 

But the truth is, that reason is neither more nor less 
than the plain simple Ege of the Mind; and is to be 
tued in every respect as we use the bodily eye. As the 
first link of a chain is as much an object of perception 
to the bodily eye as the last, or as the whole chain it- 
self, so reason, acting as immediately as the eye, the 
first perceptions of mental objects are not less suited 
for the cognizance of reason than a long train of cir- 
cumstances.. "A vast variety of instances" is not neces- 
sary to teach the mind what is right or what is wrong : 
the eye of the mind has a faculty of perceiving what Is 
comely, and what is deformed— what is straight, and 
what is crooked ; and a moral injury cannot be com- 
mitted, but it sees that it is a deviation from the path 
of moral rectitude, and is contrary to those laws of na- 
tnrat affection by which mankind are linked together. 
But thougli it is not necessary, as Smith alleges it is, 
to make observations in a vast variety of instances, in 
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order to form the general roles of morality ; yet it' ii 
frequently necessary to take into consideration a rast 
variety of circumstances, before we can apply these 
rules to a particular case. Thus, although murder is 
one of the greatest and most erident of all mord 
crimes, yet the taking the life of another is often justi** 
flable, as in self-defence ; or, it is frequently to be re<> 
commended, as in cases of public justice. 

The views taken by the learned are not always mor^ 
correct than those of the vulgar. This seems particu- 
larly the case with regard to reason ; and may perhaps 
be accounted for by the former being more actuated 
by an anxiety for distinction and display than the siin- 
pie elucidation of the truth. In common life, the mafi 
who takes, or who can be brought to take^ a fair, caU"* 
did, and unprejudiced view of things or circumstances 
as they really are, without bias or partiality, is termed 
a man of reason, or a reasonable man ; and the ap- 
pellation is certainly just. But amongst the learned^ 
reason is understood to be a powerful faculty, by 
which a man not only makes great discoveries in na- 
ture, but by means of which he can either establish 
or confute any opinion or proposition that may be ad-* 
vanced, whether false or true, as he may be inclined 
or called upon to do. In order to effect this, he must 
frequently form groundless hypotheses, false analogies^ 
and apply false colourings ; he must bring distant ob- 
jects into such a line with the eye as to make them 
appear parts of one and the same object ; by partial 
coverings, he must represent the parts of other objects 
as separated and detached ; and if he can effect his 
purpose by these and other means of deception, he is 
then reckoned a most acute reasoner. But this, in 
fact, is not reasoning: it is an abuse of reason, and a 
darkening of the mind. The effusions of the logician 
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are always to be suspected ; and the more so the greater 
art he exhibits. 

From the above view which philosophers have taken 
of reason, they have formed the famous science of 
Logic, or the Art of Heanoning. Now, we may just as 
well talk of the Arl of Seeing as the Art of Reasoning, 
If we wish to enable a man to reason on any subject, 
we most make him acquainted witli that subject. If 
we wish to enable him to reason on any art or science, 
we must make him acquainted with the principles of , 
that art or science ; and this is to be done only by lay- 
ing the subject phainly before him. Is it asked then,: 
Are there no means by which reason can be assisted ? . 
Yes, there certainly are. The assistance which the ] 
telescope and the microscope afford to the bodily eye,' 
that do arithmetic and geometry aflford to the mind,- 
in bringing near that which is too remote, and analiz- J 
ing that which is too minute, for the unaided powers of J 
reason. Yet there are some in whom the eye of the 
mind is sealed by disease, or hood-winked by prejudice 
and erroneous education, who cannot be made to see 
Tery clearly even by these means. But logic is calcu- 
lated only for the purposes of deception : Hy a certain 
arrangement of words, it forms false figures and repre- 
sentations, which mislead and deceive ; but it never can 
assist us in investigating the truth. In the darker ageii 
of Christianity, when priestcraft and superstition were 
iB the meridian of their power, enveloping a great 
part of the world in the grossest mental darkness ; and 
when the great desideratum was. What were the most 
powerful means by which certain articles of belief 
could be impressed upon the minds of men, or donbts 
and objections suppressed and confounded ? Then 
logic was fostered and encouraged as the most useful 
of all the sciences. 
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The intelligent part of mankind have now been long 
pretty well aware of the evils which the world has sus- 
tained from this misapplication of the reasoning faculty. 
But it has happened here, as in many other cases where 
the equipoise is once destroyed, the correction of one 
abuse has led to an opposite extreme. Logic was em- 
ployed by the priesthood to make men believe all things. 
It has now fallen into the hands of others of an oppo- 
site character, who would make men disbelieve all 
things. These latter affect a wisdom above their fel- 
lows. They affect a wisdom above what is written by 
the hand of nature. They would argue down all the 
natural feelings, and all the intimations of the senses, 
as so many foolish prejudices. In short, they would 
reason away every thing that generally goes by the 
name of common sense. When the human mind, how- 
ever, shall have recovered its equilibrium, this abuse of 
reason will certainly be discarded, as not less unworthy 
of an intelligent being than the former impostures and 
deceptions of the priesthood. Indeed, logic has already 
been gradually losing ground ever since the dawn of 
reason which began at the Reformation of religion ; and 
as the light increases it must cease to be numbered 
amongst the cultivated sciences. 

There is as an art in the application of the mental as 
well as the bodily powers ; there is an art in analizing 
mental as well as material subjects. There is an art 
in composing as well as an art in building ; but the 
science of composition is no more the art of thinking, 
than the science of architecture is the art of seeing. 
To acquire knowledge in the application of the intel- 
lectual, as of the bodily powers, much observation is 
necessary both of the works of nature and the works of 
art ; and both are to be perfected by practice. 

People are often surprised at the acute observations 
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«f cliildreo ; but the fact is, tliat as tlie eye of the body 
is more Bcute in youth than iu old age, so is reason, the 
eye of the miiid. But though the eye of the mind is 
more acute in youth, the mind itself is uot so strong, 
neither is its knowledge so great or extensive, for want 
of experience or practice : its decisions are therefore 
less to be trusted than in maturer years. 

Small as this discovery with regard to the nature of 
reason may appear, it is hoped that it is one that will 
be of infinite advantage to the world, as it will encou- 
rage mankind to make a more free, unincumbered, 
and extensive use of that faculty than has ever hitherto 
been thought of. The world in general has been led 
to suppose, that there is something in the use of reason 
by ordinary minds, that implies a certain degree of ar- 
rogance and presumption; and that it is only thetnore 
intelligent and enlightened that should at all pretend 
to use it. But will even the most common of mankind 
any longer submit to be told, that they must not use 
their eyes? That they may not use the eye of their 
mind as well as their bodily eye? A man may just 
as well submit lo have his bodily eyes tied up, and be 
led blindfolded through the world, as to have the use 
of his reason denied him. 

The free use of reason has always been the dread of 
of impostors and tyrants. And well it may — for by 
it every delusion shall be detected and exposed. By it, 
the vail of the temple of superstition shall be rent iu 
twain. By it, those who at present sit in darkness 
shall see a great light. By it, the rod of the oppressor 
fiholl be broken : liberty shall be given to the captive, 
and freedom to them that are bound. But upon the 
same principle by which reason overturns whatever is 
false or unjust, it establishes and confirms whatever is 
just and true, it is a terror to evil-doers, but a praise 
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and protection to them that do well. It is true, that 
that thing which has hitherto gone by the name of 
reason has often been most dangerous to the peace of 
society : it has proved a most powerful instrument, in the 
hands of the factious and the designing, for misleading 
the multitude. But true reason is the reverse of this; 
as it consists in calm observation and reflection, nothing 
can be so efficacious in keeping all the passions com- 
pletely under control, and in fortifying the minds of 
the people against the designs of the turbulent dema- 
gogue. 
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CHAPTER II. 



APPLICATION OP THE MECHANICAL THEORY TO THE 
QUESTION OF THE FREE-AGENCY OF MAN. 



" Others, apart, ei 
In tlmiishts more i 
OfPruvidcncc, for 



L a hill retireil 
hvledgr, will, und faic ; 



Fix'd fate, free will, forekuowlfKlge ahsolutf ; 
And found no end, in wand 'ring mazes lost."- 



The vanity of man is not content with being placed 
merely at the head of the works of the Deity in this 
world : he persuades himself that his mental jiart has 
had an origin different from that of the other parfa of 
the creation, and superior to those laws which prevail 
over thera. He persuades himself that " there is in 
mind a certain independent self-governing power which 
there is not in body ; and in consequence of which, 
there is a great difference between the relation of mo- 
tive and action, and that of cause and effect in physics ; 
and by means of which a person, in all common cases, 
may, at his own discretion, act either according to, or 
in opposition to, any motive, or combination of motives, 
applied to him; while body, in all cases, irresistably 
undergoes the change corresponding to the cause, or 
combination of causes, applied to it." 

If man really possessed an independent self-govern- 
ing power, this would render very incomplete the ana- 
logy betwixt matter and mind. But the idea of the 
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free-agency of man is a mere deception. We flatter 
ourselves that we are acting according to the dictates 
of our own free will, or that we are merely following 
our own inclination, when, in fact, we are urged on by 
passions or desires, which the smallest reflection may 
satisfy us are the results of external affections ; and 
that we are then not more independent of the common 
laws of nature than a stone when it is falling to the 
earth, by the power of gravitation, which might with 
just as much reason be said to be following its own 
natural inclination. We may think that we are af- 
fording the most iucontestible proof of our independ- 
ence, when we refuse to yield to certain attempts that 
are made to move us ; but when, in reality, our refusal 
to yield arises from our attachment to some other ob- 
ject% as in physics, a ball may resist an external im- 
pulse from its attachment or cohesion to somie other 
body. 

There is nothing more consonant with the feelings 
and opinions of mankind, than that certain causes, or 
motives, produce certain effects on the human mind« 
It is on the confidence in this that are founded all those 
laws, customs, and institutions of the world that are 
intended to influence and regulate the minds of men. 
It is true that it is much more difiicult to trace the re- 
lation of cause and eflect in the phenomena of mind 
than in those of matter. So it is more difficult to trace 
that relation in the impulsion or resistance of fluids 
than in the case of solids ; but no man having any pre- 
tension to scientific knowledge would from hence assert, 
that the relation of cause and effect is not as certain 
and invariable in the one case as in the other. And 
as man stands in a greater variety of relations to the 
other parts of the system of nature than any other 
created being, it ought not to surprise us that it is often 
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extremely difficult, and frequently beyond our power, 
to determine the effect of motives npoii a being placed 
in the midst of sach a variety of motives, affections, and 
attachments, aa those by which he ia generally influ- 
enced. We very often err in calculating the effects 
which certain motives should have upon certain meii ; 
but when we discover the cause of our mistake, we do 
not find that it has arisen from any irregularity in those 
laws which regulate the dispositions of the human 
mind, but from our own ignorance of the particular 
views, affections, or attachments of the men ; or from 
some error in our mode of the application of the mo- 
tives. 

Much of the misunderstanding and diversity of opi- 
nion that have taken place among the learned with 
regard to the free-agency of man, may be traced to 
that endless source of error, the doctrine of absolute 
power, by which a cause is understood to be an abso- 
lute power producing an absolute impression on what- 
ever object it is applied to, instead of a relative action 
producing a relative effect. As in physics, the same 
power does not always produce the same effect, even 
in the simple case of impulsion, and where the body 
acted upon has nothing to resist its motion but its own 
inertia, {whatever different opinions have been enter- 
tained on this subject,) the effect depends aa much on 
the quantity of matter acted upon as the power em- 
ployed ; or, the power being the same, the effect is not 
less influenced by the body acted upon being attached 
to, or connected with, other bodies ; so with regard to 
mind, it would be absurd to expect that the same mo- 
tive should in every case produce the same absolute 
effect. It is wtfll known that the same motive will, as 
it neeessariiy must, produce very different effects upon 
different minds, or upon the same mind at different 
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times. Before we can calculate with any degree of 
certainty upon the effect which any motive will have 
upon a certain mind, we must acquaint ourselves with 
all its affections and attachments at the time it is ta 
be operated upon. 

That motives have a certain effect upon the hamaik 
mind is a feeling almost universal amongst mankinds 
That it is not more explicitly avowed seems owing to 
that vanity by which men are led to imagine themselves 
superior to motives, and an apprehension entertained by 
a certain class, that subjecting mien to the necessary 
influence of motives would do away human responsi- 
bility ; and that of course it would be most prejudicial 
to the cause of religion and morality. This has caused 
the subject to be argued with a degree of keenness^ 
and even rancour, that is very unfavourable to the 
discovery of truth ; but it is hoped that a more liberal 
and candid examination of the subject, will show that 
the apprehensions of these men are as groundless as" 
the arguments, by which they endeavour to controvert 
the necessary influence of motives, are ill founded. 

It has been asserted, that, if it is true that equal mo- 
tives produce equal effects upon mind, if we were to 
place a hungry ass betwixt two bundles of hay equally 
inviting, the beast must stand still and starve to deaths 
being unable to turn to either, because there are equal 
motives to both. But is it not very evident here that 
though the ass is placed betwixt two very equal things,- 
two equal bundles of hay, it is at the same time placed 
betwixt two that are very unequal, a bellyful of hay 
on the one hand, and starvation on the other? The 
ass would very soon cease to compare the bundles of 
hay : It would compare a bellyful of hay against star- 
vation, in which comparison there is a very weighty 
motive that would soon decide the question. To this, it 
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will perhaps be answered, that the case supposes the 
ass to be comparing the two bundles of hay ; and that 
though the choice of the two bundles forms but a small : 
part of its consideration, compared with its inclinatiottf 
to eat, yet it still forms some part, which, according ttf*! 
the doctrine of necessity, must have some motive i 
determine it. To this it may be observed, that th 
mind considers only one thing at any one instant oft 
Ume ; and in making a comparison betwixt two things^t 
it turns first to the one and then to the other. WhiUfrVl 
the mind of the ass is vibrating betwixt the two, i 
inclination to eat makes It fall to the one it is cons 
dering at the Instant. 

It has also been said, that the mind often acts with- 
out a motive ; as wheu a man lifts a guinea from a 
heap. In acquiring a guinea there is a considerable 
motive ; — in choosing a particular guinea from a heap, 
where they are all alike, there is none at all. If one 
lies more convenient for lifting than the rest, he will 
take that ; if not, he wilt take the one his mind happens 
to be considering at the instant he resolves to lift one. 
Father BufRer, in hia Treatise of First Truths, pro- 
poses the following experiment for the decision of the 
Necessarian doctrine : — " If," says he, " I am not free, 
it must necessarily be decreed, that, within a quarter 
of an hour hence, I either shall, or shall not, raise ray 
hand thrice successively ; so that I cannot alter this 
necessai-y determination. This being supposed, in case 
I lay a wager on one side rather tJian on the other, I 
can be a winner only on one wide ; that is, either by 
laying that I shall raise my hand thrice, orthattshall 
not. If you seriously pretend that I am not free, you 
cajinot reasonably refuse the following offer: — I will 
ay you a thousand guineas to one, that, with respect 
moving my band, I shall do quite the reverse of what 
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yoa may contend for, and you shall take which side yon^ 
please ; so that, if you lay that I shall raise my hand>^ 
I lay that I will not ; and if you lay that I shall not, I 
lay that I will. If yoa think this offer advantageous, 
you must accept it, and if you do not think it adyan- 
taf^eons, whence can such an idea arise, but from the 
necessary and invincible opinion you have of my being 
free, and that it is in my power to make you lose such 
a wager, not only once, but a million of times, if you 
should have the folly to repeat it so often." Did the 
sagacious father not discover that he would here have- 
the very powerful motive of gaining a thousand guineas 
and saving one, to take the opposite side of the one 
contended for ? 

Amongst all those who have attempted to confute^ 
what is called the Necessarian doctrine, none seems to^ 
have given greater satisfaction to those who have espou- 
sed the same side of the question than Dr Gregory ; he' 
giving what is considered mathematical demonstration 
of its absurdity. It is easy to satisfy those who are pre- 
disposed to believe ; and it is only such that his demon^- 
strations will convince. 

" The chief instances* in which Dr Gregory de- 
monstrates the evident diversity between the relation 
of cause and effect in physics, and that of motive and 
action in human conduct, are the following : It is a 
well-known law in physics, and is demonstrated by Sir 
Iisaac Newton, in the first corollary to his three laws of 
motion, that if two impelling forces or causes, differing 
in direction, be at the same time applied to a body at 
rest, fuch that by the separate action of one of them, 
tJie body would have moved over ascertain right line 
kk a given time ; then shall the body, by the joint ac • 

• Scott's Inquiry, p. 259. 
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tion of both forces, move exactly in the diagonal of a 
parallelogram, of which these two lines form the adja- 
ceDt Bideti ; and it shall complete the diagonal in the 
same time that it would have completed either of the 
aides by the corresponding separate force. 

" To apply this law to the case of motive and action : 
If a porter be offered a guinea for every mile that he 
may carry a letter in a certain direction, it is probable 
that he will perform the task. If he be offered, at ano- 
ther time, a like bribe for carrying a letter in another 
direction, making an angle with the former, it is likewise 
most probable that the task will beaccompliijhed. But, 
aoWt let as suppose, that at the same instant of time he 
is offered both sums, to perform at once both tasks ; and 
let us inquire, what will be the result ? According to 
the doctrine of the Necessarians, that there is a con- 
stant and proportional conjunctioa between motive and 
Action, the porter cannot go in either of the two direc- 
tions, but must travel in the precise diagonal between 
them. ' It is folly,' says Dr Gregory, ' for him to 
make a pretence of thinking, and ridiculous for him 
to make any words about it ; for go he muti in that 
precise direction, as sure as ever a projectile moved 
in a curve ; and pretty nearly for the same reasons.' " 
iPhilo». and Liter. En.sai/8, % 9.) 

" If the porter go in one of the proposed directions, 
■without at ail regarding the other, one of the proposed 
motives is completely separated from its corresponding 
action ; and if he go in neither of the proposed direc- 
tions, but remain at rest where he originally was, both 
the motives are completely separated from their cor- 
responding actions. As, therefore, we are well aware 
that no such journey ia the diagonal will ever take 
place; ' and as,' says Dr Gregory, ' it may even be 
doubted whether the most confident assertora of Mr 
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Home'g doctrine will risk a single guinea on sach an 
experiment ;' here is a fair deductio ad fahum^ from 
the principles of the Necessarians that mind is inert." 

Mathematics constitute a very useful science ; but 
to use them without previously and maturely consider* 
ing all the circumstances of the subject to which they 
are to be applied, only evinces the folly of him who 
makes the application. In the abore instance, the 
two cases of the physical body and the porter are stated 
in such a way that they cannot be compared. The 
physical body is supposed to be impelled, not towards 
two given points, but in two given directions, making 
an angle with each other. To place the porter in a 
parallel situation, he should be hired to carry the letters, 
not as letters are usually carried, to two given points, but 
in two given directions, making likewise an angle with 
each other. Let him be offered , for instance, five guineas 
to carry a letter five miles to the westward, and other 
five to carry another letter five miles to the southward, 
in the same time ; he will then, if he understands his 
business, certainly carry both the letters a little more 
than seven miles to the southwest ; for he will find that 
by so doing he shall implement what is required of him, 
and gain ten guineas, instead of five which he would 
only have got for carrying one of the letters either due 
west or due south. Thus, he will move precisely in 
the diagonal of the parallelogram, like the physical 
body impelled by two forces, provided he is influenced 
by no other motive or impediment ; and it is evident 
that the physical body might likewise be disturbed or 
interrupted by obstacles in its course, as well as the 
porter. 

As another, what is called mathematical demonstra- 
tion of the diversity between the relation of cause and 
f^^eqt in physics, and the^t of motive aqd action in hur 
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man conduct, and of the absurdity of the Necessarian 
doctrine, it is ohsprved,* that, " It is well known in 
physics, that if a body be impelled in a certain direc- 
tion by a certain force, and at the same time it be im- 
pelled in the direction exactly opposite by another less 
force; it will proceed in the first direction, with an 
impulse eqoal to the difference between these forces. 
Thns, if the body be impelled eastward with a force as 
10, and westward with a force as 4, it will move 
eastward with a force as G. But this analogy by no 
means holds in the case of motive and action. ' If mo- 
tives of equal strength oppose one another,' says Dr 
Gregory, ' it is held that no action can take place, as 
they mutually counteract each other ; bat it is thought, 
that if motives of unequal strength directly O])pose one 
another, the stronger will not only prevail, but have 
its full effect, as if it were not opposed at all. 

" ' Thus, a porter assured of a guinea a raUe for 
going duo east, and of as much for going due west, as 
fast as he could, if his face chanced to be due north or 
south, it in conceived, most remain at rest till some 
new motive occur to determine his choice and direct 
his course. But it is conceived, that if he were as- 
Bnred of a guinea a mile for going east, and only of 
half- a -guinea a mile for going west, he would go 
east at the rate required of him, and earn the guineas, 
notwithstanding the constant conjunction of motive 
and action ; just as he would have done if no soch 
opposite motive as the offer of the half-guineas had 
lieen applied.' Of this doctrine, our author observes, 
that, " in plain English it amounts to this, that when 
ten are deducted from ten, there can remain no- 
thing ; but that when four, or five, or six, are deducted 

* ■ • Scotl'i Inriuhry. p. 261. 



312 Moral philosophy. 

from ten, there lorUl remaia ten ; which i$ absurd.^'--* 
iE98ay8, § 10.) 

Here, again, we have a most unfair representation 
of the case ; we are called upon to consider the motion 
of the porter, or the rate at which he walks, as indica<» 
ting the kind and degree of motive force applied t^ 
him. Whereas that force does not fall on the body, 
but on the mind ; and is manifested by the determina- 
tion it gives to the mind, and not by the motion of the 
body. And, again, thajt determination can be estima- 
4»d only by the quantity of counteracting force that 
would be required to overcome or resist it. 

If a porter is offered ten guineas to go a certain dis* 
tance eastward, and four guineas to go the same dis* 
tance westward, in a certain time, he will certainly go 
eastward in that time, just as if the four guineas had 
not been offered. Yet the four guineas are not without 
their effect 4 ^although the porter will move at the«ame 
rate as if they had not been offered, he will not move 
with the same intensity or determination ; or, in other 
words, he will be more easily stopped. Without with* 
Rawing the four guineas, let him be offered the small- 
lest sum more than other six, and he will then certainly 
move to the westward ; — a proof that the four guineas 
luive had their fall proportional effect. 

The same reasoning applies to the guineas and half* 
guineas. Although the porter will go to the east for 
a guinea a mile, notwithstanding the offer of half-a« 
guinea a mile to go west, just as fast as if these half* 
guineas had not been offered ; yet he will not go with 
the same determination ; as the smallest thing more 
than other as many half-guineas will turn him, and 
make him go to the west. 

If the porter is offered equal sums to go east and west 
at the same time, this will put him for some time in a 
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itate of suspense : but, Like the asN with the two equal 
bundles of hay, he finds that by standing still he loses 
both sums ; he therefore resolres to proceed ; and goes 
in that direction towards which hitn mind happens to 
be turned at the inntant that his resolution to proceed 
ia fixed. 

It has been alleged by some that the term, necessari/ 
offenf, implies a contradiftion. But this is mere idle 
cavilling ; and in confutation of it, we need only in- 
stance a water-mill. Water is certainly the agent by 
which it is turned ; and water is certainly a necessary 
agent : it necessarily acts by the power of gravitation. 

Amongst other objections to the necessary influence 
of motives, it has been observed that man does not 
always yield to the strongest motive, or follow the 
greatest good. It is true that man frequently foUowi* 
that which even his own conviction tells him is not hij» 
true interest. But this argues nothing against the ne- 
cessary influence of motives. The man's mind is under 
the influence of some previous and stronger contrary 
impression ; and although the latter motive may be the 
ttrongest of those applied to it at the time, it cannot 
instantly counteract the impetus it has received from 
those previous impressions. A motive of even very 
small power, but operating for a long period of time, 
may give to the mind a bias which scarcely any subse- 
quent experience, even aided by reason and conviction, 
can altogether eradicate or overcome : and hence the 
danger of contracting early evil habits. 

The same reasoning applies to the opinion we form 
of others. When early and strong impressions " are 
made on our minds in favoiu* of any one, the inertia of 
our minds, or their disposition to continue in the state 
in which they are put, does not allow these impressions 
to be tttstantly destroyed b; every subsequent miscon- 
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duct of that person: hence the prorerbial partiidity- 
and blindness of parents and friends. When this pro- 
perty of inertia prev^ails in the mind to an excess, it 
goes by the name of prejudice, and often makes a man 
appear v^ery ridiculous. But although the excess of 
inertia in the mind makes a man appear foolish, yet a 
due proportion of it forms, not only a salutary, but a 
necessary part, in the constitution of the moral system. 
A deficiency of inertia produces a volatility and un- 
steadiness of character. If it were utterly wanting — ^if 
every fault or failing in our friend were completely to 
obliterate all former good impressions with respect to 
him, there could be no permanency in our attachments, 
nor durability in friendship : it would perfectly destroy, 
all confidence amongst mankind in one another. » 

i It can hardly be necessary to call the attention to^. 
the perfect analogy in all this betwixt mind and mat-, 
ter. Before any certain disposition can be impressed 
on the one, or motion communicated to the other, all 
previous contrary dispositions in the one, and motions 
in the other, must first be subdued; to effect which, 
a power is required at least equal to that to be over- 
come. It must be evident to every one who pays the 
smallest attention to the subject, that there is an ana- 
logy betwixt motive and action in human affairs, and 
cause and effect in physics, that is not merely casual 
or accidental. It becomes the duty, then, of every can- 
did enquirer, instead of using vain cavilling, dispassion- 
ately to examine how far this analogy extends ; and, 
upon due examination, it will certainly be found to be 
universal. All the objections that have been urged 
against this analogy only amount to this. That it is 
more difficult to trace the relation of motive and ac- 
tion in human conduct, than of cause and effect in 
physics ; but this difficulty does not make the actual 
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relation of motive and action one rt-hit leas certain, al- 
thoDgh we may be thereby misled in onr calculation)) 
respecting them. This should make men cautious aud 
charitable in forming their opinion of the actions of 
others. 

We may here observe, that this difficulty in tracing 
the relation of motive and action, is a wise ordination 
of the Deity, as it is one of the greatest checks in the 
way of the ambitions, to prevent them from making 
the great bulk of mankind mere machines, subservient 
to their purposes and designs. 

There are certain classes of men, as \re have already 
observed, who see, or affect to see, great danger to re- 
ligion and morality in the doctrine of the necessary- 
agency of man. Bat when we trace their apprehensions 
to their true source, we And that these men are not so 
much afraid of the snbversion of religion and morality 
as of certain institutions, in the permanency of which 
they feel themselves deeply interested. They are more 
jealous with regard to the honour of man than the 
honour of the Deity. The free-agency of man is quite 
inconswtent with the foreknowledge of the Deity. It 
ia impossible to conceive on what principle the fore- 
knowledge of even the Deity can extend to actions or 
events which may be brought about or prevented by 
the mere hmnour or caprice of man. This is so evident, 
that it is admitted even by some of the advocates for 
man's free-agency. But rather than give up the free- 
dom of the human will, they relinquish the foreknow- 
ledge of God ; they deny that the prescience of the 
Deity extends to the voluntary or contingent actions 
of men. Do these men consider that they hereby ex- 
clade the Deity from the foreknowledge of almost every 
thing that is of importance to mankind ? Or, what sort 
2e 
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of religion is it, that consists with snch doctrinie as 
this? 

The doctrine of the absolute free-agency of man ex.* 
eludes the Deity from the government of the world. 
Man is certainly the prime agent employed by the 
Deity in the government of the world ; but if man acts 
independently and without control, this supposes the 
Deity to hare consigned the absolute government of the 
world to him ; than which, nothing can be, more im- 
pious and absurd. 

The free- agency of man likewise separates man* from 
the great Governor of the world. If we disallow the 
influence of external motives, we separate man fromi 
the rest of the system of God ; we preclude all corre- 
spondence betwixt God and man, but through the worse 
than doubtful medium of priests and miracles; And 
hence we see a very strong reason for the part that the 
priesthood have uniformly taken in this argument. 

In' order to avoid the imputation of excluding iha 
Deity from the government of the world, the advocated 
for the free-agency of man tell us, that " the Supreme 
Being, without exerting any positive control over the 
actions of man, may, by the exertion of infinite wisdom 
and infinite power, cause the creature unknovdngly to 
Jiromotethe great purposes of its creator.'* Now, how 
is it possible to conceive infinite wisdom and infinite 
J)ower to be exerted, without exerting a positive con- 
trol ? The control is not the less positive that it does 
not immediately produce the ultimate object. If a 
i^team-engine is employed to raise water, and that wa- 
ter afterwards turned upon a mill for the purpose of 
grinding corn, the agency of the steam is not less po- 
fiitire, nor less conducive to the ultimate object than 
that of the water, though not so immediately applied- 
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' "Neither is the agency or control of motives the le§B 
positive that they cause us unknowingly to promote 
the purposes of the Creator. The Deity has been com- 
pared to a prudent parent possessing the entire com- 
mand of a siet of children, who can make them, in 
certain cases, promote his own views, without imposing 
any restraint upon their wills. But this is tacitly ad- 
mitting all that we assert, that, in this case, motives 
are employed, though unobserved by the children, and 
that the motives do produce their natural e£fect. The 
assertors g( the free-agency of man seem obstinately 
to shut their eyes against the obvious fact, that the 
human will is merely the determination given to the 
mind by external motives. 

With regard to the eflfect of the doctrine of the uie- 
^esi^li^-agency of man on morality, it ought to be saf<* ^ 

fieient ihat we prove it to be the law of nature, and . . 
consequently the law of God. This ought especially 
to satisfy those who profess to be religious, and to place 
their who]^ trust in God. But, as not only the reli- 
gious, but mankind in general, seem in this, as in other 
eases, more -guided by the.;ultimate object than by the 
laws which the ^Governor of the world has given us for • 

the direction of our conduct in the attaining of it, it ^\ 

may be necessary to show that the adoption of those ]»i^ J 

laws can lead to no evil. . • 

Are we afraid that the doctrine of necessity will ig. 
make men careless and indifferent as to their moral ., 

conduct, by affording them a plea of non-responsibili- i* 

ty? Such fears are altogether groundless. It has 
always been allowed that men are not accountable for 
the intellectual powers with which they are endowed;, 
yet we find them in general more jealous of the opinion 
of the world with regard to these than even their mo- 
ral principles ; insomuch that it has long been observed 
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that in oommoa a man iruiUd rather bn reckoned a 
kaare than a fool ; and hence men are certaiolf more 
aHsiduouH in the coltivation of their intellectaal facultiett 
tlian of their morHl diHpo«itions. Why, then, should we 
be afraid of jiliicind their moral dixpoMtiooN en the 
Name foundation 'i iiut the very terms in which th« 
doelriiie of necesHily in couched exclude the poN«ibilttjr 
of man's reluxiug in hia endeavours towards moral per- 
fection : the regard for the good will and respect of the 
world must necessarily coBtinue, as they hare hitherto 
done, to Ntimulate man to make him^f wteful ao^ 
^reeable to nil with whom he is connected. 

Are we afraid that the dot^triue of nece»nity will 
«8 to less just, or less favourable, opinions of the moi 
coRduet of others ? If necessity is the law of nature, 
the opinions founded upon it must be just ; and therei 
vs no reason to apprehend, that upon the whole it will 
lead v» to form a less favourable judgment of othera. 
(f the moral conduct of man depends upon his origia^ 
constitution and the circumstances in which he hop-^ 
pens to be placed, we cannot, indeed, ascritte to hint, 
either absolute merit, or absolute demerit. Hut this 
will nut alter our estimation of the mnn : We do noli 
ascribe any merit to gold for being a purer metal than 
silTpr ; nor do we blame copper for being leas pure 
than either silver or gold ; yet we put very different 
values upon these three metals. So the good and the 
virtuous will continue to command our esteem and re^ 
spect ; while the base and the vicious will excite one 
contempt and disapprobation ; though we may not con- 
ceive that the one sliould merit the reward of everlast- 
ing pleasures, nor the other deserve everlasting tor- 
ments. If wo consider man as a free independent 
moral agent, having an absolute control over all his 
actions, we are naturally led to view evei-y moral trea* 
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pass as an act of pure wilfaldevilishness, and deserving 
of the highest pUDishment. But the doctrine of rela- 
tive necessity represents things to us in a very different 
light. It ahowsusthat the errors or trespasses of a man 
are owing either to an original nnhappiness of constitu- 
tion, or to his heing anfortunately tiituatcd in regard to 
external circumstances. And thus, whilst we muxt 
disapprove of, or detest, the actions themselves, we 
have still a feeling of pity for the man ; more especially 
when, which is frequently the case, his evil propensities 
are conjoined with better qualities. 

The necessary influence of motives explains to us, in 
the most natural way, the manner in which man is se- 
duced from (he path of moral rectitude; and thereby 
shows us where to apply the cure. By mental applica- 
tions, we can soften the hardened and strengthen the 
weak. By means of motives, vice can be discouraged 
and virtue stimulated. Bad affections can be neutral- 
ized, by combining with their objects the evil conse- 
quences with which they are necessarily attended. By 
the same means, we can even render that object re- 
pulsive which formerly attracted. The necessary in- 
fluence of motives affords, too, the only sore fjrounds 
of confidence in the efficiency of the means we employ. 
We may, indeed, err in their application, from the im- 
perfection of our knowledge ; (and wherein Ls it that we 
may not err?) but the motives themselves can never 
fail in producing their legitimate effect. So far, then, 
from the necessary influence of motives being an erro- 
neous or a dangerous doctrine, it is it alone that can 
afford us any rational explication of the variety and 
change observable in the actions of men ; and it is to 
it alone that we can look with any sort of confidence 
for the improvement of morality. 

How different is the doctrine of the free-agency of 
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man. According to it, the origin of evil is accounted 
for by the introduction upon earth of a spirit essenti* 
ally evil—a devil —a strange monster, surely, to be al«* 
lowed to exist in the kingdom o£ God. It precludes 
ail possibility of improvement by means of motives. It 
is in vain, according to it, that we represent virtue iu 
all its beauty, or vice in its native deformity : the re- 
sult depends entirely upcn the humour or caprice of the 
man to whom they are held forth; and the probability 
is, that *^ fallen, degenerate man'' will choose the evil, 
and refuse the good. But there are still two things, 
and it is supposed there are only two, that can safely 
be trusted to man's choice, viz. reward and punish** 
ment ; and the advocates for man*s free-agency trust 
to these alone in the government of the world, No^ 
thing tends more to the degradation of man than a 
system of government founded on rewards 0.nd punish- 
ments. It generates mean servility and slavish fear. 
It is calculated only for slaves ; and has a tendency to 
reduce to that state all who are put under its influence. 

The doctrine of the free-agency of man admits of no 
other means for his reformation and improvement than 
the free grace of God. But if we ask why God does 
not extend this free grace to all, we are told, ^^ He will 
have mercy on whom he will have mercy, and whom 
He will He hardeneth." Precious doctrine this! but 
it is the necessary result of the doctrine of man's free- 
agency, which has been defended with an anxiety and 
keenness, as if the very existence of religion and mo- 
rality depended upon it ; — a doctrine itself fraught with 
the grosvsest absurdities, and necessarily leading to per- 
fect blasphemy, by representing the Deity as arbitrary 
and capricious, and the author of absolute evil. 

But though it is not to rewards and punishments that 
we should look for leading or stimulating men to the 
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discharge of their duty ; yet these form a very necessary 
part in the moral government of God. When the 
mind of man is impressed with a disposition to move in 
a given direction, it can no more stop or change that 
disposition of Itself, than a physical body can stop or 
alter the direction of its own motion. In both cases, a 
resisting or changing force is necessary. It has long 
been obseri'ed. that success begets confidence ; and it 
certainly increases power. When the mind succeeds 
in the object of its desire, that object continues to carry 
the mind along with an accelerating velocity : it hurries 
it rapidly past other objects, whose attractive powers 
have not time to produce any sensible effect upon it. 
When this disposition of the mind happens to be evil, 
it would necessarily produce an endle,ss accumulation 
of mischief, if there were not some resistinff or counter- 
acting powers to arrest its progress. But, happily, 
their are such powers in nature. Every individual 
naturally resists or resents an injury done to him, as 
society does those committed upon its members. The 
offender ia thereby either made to retrace his steps, if 
he is of an yielding disposition, or, if of a hardened 
and obstinate nature, and the collision violent, and the 
reacting body at the same time of sufficient firmness to 
resist it, it may end in his destruction. How foolish or 
wicked, then, is it to preach up passive obedience, or 
non-resistance. Reaction, or resistance, is an univer- 
sal, an useful, and necessary law of nature, for arrest- 
ing the progress of moral and physical evit. 

The good and beneficent dispositions likewise require 
to be encouraged and assisted, to enable them to per- 
severe against the difficulties and resistance they often 
experience. And there certainly is, too, a disposition, 
both in men and in the general order of nature, to re- 
ward virtue. There is, indeed, a very common cam- 
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plftint in the world, of the perrentenesB and ingratitudo 
of men: butn'h<>iiwe betttowa candid coiisideratlon on 
these complaints, ne t;eaerali; find tbnt they proceed 
from misplaced sympathy, or from neglected and dia* 
appoiuted vanity and officiousness. Neglect for faroora 
received frequently proceeds from an extreme of • 
spirit of independence ; a spirit of the greatest utility 
when kept tinder due control, as it makes man put a 
liigher value ujwn what he can do fur himself than the 
aijsUtance he may receive from others; and, conse' 
qnently, is a most powerful stimulus to individual ex-i 
ertion. 

Whatever system of religion or morality we adopt, tha 
actual exiiitence of moral evil must be admitted ; but it 
is only upon the principle of relative necessity that wo 
ean account for it without any imputation against the 
laws or the government of God. The existence of moral 
evil is perfectly consistent with the existence of relatire, 
though not of absolute pejrfeetion. Man fondly imagines 
to himself the possibility, and even the former actual 
existence, of a state of absolute perfection, and free- 
dom from all evil. But absolute perfection in physics 
or in morals involves a physical or moral impossibility. 
Ail the laws of God are relatively perfect ; they are 
perfect in answering the purposes for which they were 
designed ; witii whatever evils or inconveniences they 
may occasionally be attended. When we wish to lift 
or raise a heavy body, we reckon its weight a great 
inconvenience ; or when a stone falls and crushes a 
man to death, we think its gravitation a serious evil. 
But without gravitation the material system could not 
be held together. When our view is interrupted by an 
opaque body, we wish it were transparent. But if all 
matter were transparent, then every thing would 
seen through, but nothing would be seen. We 
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consider the want of durability in matter an imperfec- 
tion ; but if bodies were perfectly hard, unyielding, 
and indestructible, they never could be altered, changed, 
or improved into such forms as we may wish or require ; 
and whatever degree of original perfection we might 
Huppuse in those bodies or substances that are destined 
for the use of man, they would soon cease to afford 
pleasure or delight if unsusceptible of variation or 
change. 

Vices generally begin from a want of proper atten- 
tion, or an imperfection in our reason ; or they begin 
in the indulgence of our appetites and affections in 
circumstances of perfect innocence ; but being carried 
along with us into other situations and circumstances, 
they become highly criminal. Hut to complain that 
onr reason does not prove to us a perfect guide, or that 
the eye of the mind does not see clearly through a long 
Huccession of events, especially where other events, not 
immediately connected with those we are examining, 
intervene, is as absurd as to complain that the bodily 
eye cannot see through opaque matter. Neither is it 
possible that men can instantaueunsly change their 
appetites and affections upon every change of circum- 
stances ; even though these appetites or affection* 
ehonld be proved to them to be wrong. Every change 
in morals, as in physics, requires not ouly a counter- 
acting power, but likewise a certain time for that 
power to operate. This is a necessary consequence of 
the principle of inertia, or steadiness, which causes 
men to persevere, for a time, in their evil as well as 
their good propensities ; and without which principle 
there could be no stability, and consequently no confi- 
dence among men. When this principle prevails in a 
bigh degree in good diNpoKitions, it is termed firmness ; 
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but with re^rd to the evil propensities, it is termed 
obstinacy ; and becomes a very great imperfection iu 
the human character. 

The social principle, or desire to please, leads us to 
adopt the existin<]^ manners, and, consequently, the 
vices, of others, l^ut without this principle, men could 
never associate together ; and hence we should be des- 
titute of all the pleasures and advantages of the social 
state. 

We reckon death the greatest of all evils ; but with- 
out the decomposition of former living bodies, animal 
and vegetable, to afford nourishment for the present, 
these could never exist. Without death, we could not 
live. Had none of the former generations of men died, 
there could neither have been means for the subsis- 
tence of the present, nor room for them on the earth ; 
—the present race of men could never have had 
being. 

This world affords a subject of endless improvement; 
but without the smallest prospect of ever attaining to 
any thing like absolute perfection. Endless improve- 
ment and absolute perfection are very different things. 
Absolute perfection excludes all possibility of farther 
improvement; and in approaching to it, every discovery 
made would lessen the number of discoveries remain- 
ing to be made. But in a state of endless improve- 
ment, such as this world presents to us, every discovery 
only widens the field of inquiry, and the field of im- 
provement ; and hence gives more scope for the exer- 
cise of the highest powers of the human mind. A state 
of absolute perfection is a mere chimera ; — a state that 
never did, and never can exist, according to the pre- 
sent laws of natuf e, or according to any order of nature 
vthat we can conceive. The existence of evil seems 
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even necessary to our perception or consciousness of 
good ; without eyil to be corrected, resisted, or over- 
come, we coold have no idea of goodness. Without 
darkness, we could have no idea of light. The idea of 
absolute perfection, in short, reduces the whole system 
of nature, at least in as far as respects our senses, to a 
perfect nonentity. 
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THE END. 



HADniN'CiTON: 
PRIXTCn BY JOHN URinTF. 



Al 



'«■. 



>. 



